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HISTORY OF CANADIAN SURGERY
GEORGE ALEXANDER KENNEDY, M.D.

1858 1913
-

J. B. RITCHIE, M.D., Regina, Sask.
“ Contemptuous of a cloistered sheltered life,
Scorning calm sequence of the pallid days,
Weary of smug convention’s petty strife,
They spurned the tedium of the trodden ways;
Eager to blaze new trails through lands unknown,
To trace new trails across the foaming sea,
Eager to sow where others had not sown,
Eager to challenge unknown Destiny!” 5

G eorge A lexander K ennedy (also named
Allan rather than Alexander), M.D., Assist
ant-Surgeon, North-West Mounted Police,
has the distinction of being the first
surgeon to perform a major operation in
what was then called the North-West
Territories of Canada, and which extended
from the Manitoba boundary on the east
to the Rocky Mountains on the west, and
from the 49th parallel of latitude to the
North Pole. This operation was a mid-thigh
amputation on an Indian, and was per
formed successfully at Fort Walsh, in the
Cypress Hills, Saskatchewan, in November
of 1879. The operation will be described
later in this article.
Biographical N otes on
Saskatchewan ’s F irst Surgeon

Dr. George Alexander Kennedy was born
at Dundas, Ontario, on April 16, 1858, of
Scots parentage. While at home and attend
ing school, he was saturated with the
Scottish Presbyterian way of life—the teach
ing of the Bible, especially the Ten Com
mandments; porridge; the great traditions
of his family tree, dating back several
centuries to the glens of Scotland, where
the Kennedys, down through the genera
tions, fought and died for their high
principles of moral, physical and mental
rectitude.
He was a top student academically,
performed his duties on the farm with
“ From Northland Trails, by S. C. Ells, Victoria,
B.C., with the kind permission of Mr. Ells and
the publishers, Burns & MacEachern, Toronto.

Fig. 1.—Dr. George A. Kennedy, 1889.

pleasure, and also took a deep interest
in the natural life of the forests and woods
surrounding his home. In work and play,
although he was one or two years younger
than his playmates, he became the leader
in their activities, and it became a by-word
among his playmates when in trouble to
“let George do it”. His great interest in
this natural life surrounding him seemed
to have been instinctive among the youth
of his day. Young Kennedy, with his in
stinct for the relief of suffering and pain
carried these inclinations into bird and
animal life. He was known to catch an
injured bird and place it in a cage until
it was able to fly again. It was almost
an everyday occurrence for him to set
the broken limb of a dog or rabbit or fox.
When he matriculated at the head of his
class at the age of 15 and was ready for
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Fig. 2.—The sketch map shows part of the area in which Dr. Kennedy practised as
a North-West Mounted Police surgeon from 1878 to 1889.

university, he had created an enviable
and healthy background to fit him for the
course in medicine at the University of
Toronto Medical School. He graduated
with the degree of M.B. from that school
in 1878 as silver medallist, and when he
was one year under the legal age to
practise medicine.
Durnig his vacations at home, he came
under the influence of the family doctor
and general practitioner, who lived next
door. This doctor0 was greatly attracted to
young Kennedy with his aptitude for
matters medical and surgical, and his de
termination to make a success of his career
in medicine. Kennedy was of a very robust
physique, and his general attitude sug
gested the bed-rock of character, abiding,
firm, indomitable.
During his years as a student at uni
versity he was recognized by his professors
as a student of keen and independent mind.
In his final examinations some of his
answers raised the eyebrows of his learned
professors. For instance, he was able to
describe in detail the difference between
congenital and traumatic cataract, with
their treatment, because one of his cousins
"Dr. R. Smith of Dundas, Ont., thinks that it
may have been Sir William Osier, but this is not
certain.

had a congenital cataract and during his
student days he had made a study of this
condition. He was a careful reader of the
leading English, French, German and
Austrian medical and surgical writers of
the day. In his final examination on clinical
surgery, when he was asked to give his
opinion as to the cause of the infection in
the stump of a thigh which was exuding
copious amounts of “laudable” pus, he
stated without hesitation that doubtless
the methods of Lister had not been followed
in this particular case.
Until Dr. Kennedy became of age he
interned in the General Hospital at Hamil
ton, Ontario, for six months, and when the
Dean of Medicine at the University of
Toronto was requested to nominate an
assistant surgeon for the North-West
Mounted Police, who would measure up to
all their high standards and requirements,
Kennedy was selected. It was in this way
that, by Order-in-Council Number 38, he
was appointed as the fourth surgeon to
the North-West Mounted Police, as from
October 1, 1878. He equipped himself and
travelled by train and boat to Fort Benton,
Montana, and then across country to Fort
Walsh and Fort Macleod.
In the fall of 1876, he attended a meeting
of medical men at which Lister was present
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Fig. 3.—Mounties playing cricket at Fort Walsh, 1878. The North-West Mounted
Police hospital is immediately behind the flag-pole.

and spoke. There was a great deal of dis
cussion for and against the Listerian
method of treatment of surgical cases and
opinion was far from unanimous. Some
professors of surgery preferred to carry
on as they had been doing, without risking
the new Listerian method. Kennedy, how
ever, was very much impressed with
Lister’s method of antisepsis, and when
he began his practice at Fort Walsh and
Fort Macleod, he practised this method.
It is interesting to remember that for eight
years after his graduation, he lived practic
ally isolated from his medical fellows, and
journals were not so numerous as they
are today. Those were the days when
surgery was groping in all directions,
stimulated by inquiring, progressive minds.
A L arge C linic
Dr. Kennedy, late in October 1879, be
gan the largest one-man medical-surgical
clinic, geographically at least, which this
earth has ever known. It began in a 12-bed
hospital at Fort Walsh, in the Cypress
Hills, whither he had been called profes
sionally from Fort Macleod, 190 miles
distant, to attend the Chief Surgeon of
the North-West Mounted Police, Dr.

Kittson, who was striken and lay prostrate
with a severe attack of typhoid fever.
T he Patients

The patients for this clinic were drawn
from all over the North-West Territories,
as well as from Montana and North Da
kota, south of the international border.
They consisted of:
1. "North-West Mounted P olice officers
and men, numbering 300, who had trekked
across the plains five years previously,
under Commissioner Colonel French and
his assistant, Colonel MacLeod. It was
paradoxical that the chief surgeon, Dr.
Kittson, aged 35, should be the first patient,
and that he was attended by a 22 year old
assistant surgeon, Dr. Kennedy.
So healthy, however, were the NorthWest Mounted Police officers and men
and so carefully were they selected after
medical examination, that only a very small
percentage required medical and surgical
treatment. Medical cases were listed as
rheumatism, neuralgia, cephalagia, lum
bago, bronchitis, pneumonia, diarrhoea,
typhoid fever and mountain fever, while
surgical cases were largely contusions,
wounds, dislocations, fractures, sprains,
haemorrhoids, and appendicitis. If a recruit

282

CANADIAN JOURNAL OF SURGERY

developed a hernia, he was im m ediately
invalided out of the Force. The great
m ajority of those invalided subsequently
took up farm in g and ranching, and becam e
the earliest an d best-known farm ers and
ranchers on the western plains.
2. Indians and half-breeds, num bering
about 50,000, then scattered in various
tribes all over the w estern plains. Also in
cluded am on gst these Indians w as the great
Sioux band, num bering about 5000, under
Sitting Bull, who had escaped from United
States territory after the Custer m assacre,
and w ere then located at W ood M ountain,
100 m iles or more east of the Cypress
Hills.
In his annual report dated D ecem ber
31, 1879, D r. Kennedy reported the follow 
ing su rgical case:
“On the 24th October, 1879, hearing that
there were two Blackfoot Indians at the ‘Lake’
who had been shot by the Sioux and brought
in by some half-breeds, I proceeded there to
investigate and, if necessary, furnish surgical
aid. I found that these two Indians, a man
and a boy, were the remnants of a party who
had been fired on by the Sioux just south of
the line on or about the 3rd of September.
The party had included a woman also, but
she had died in consequence of her wounds,
exposure and privation. The man had re
ceived a ball in the calf of the leg, but as
no bones had been broken, and he was doing
well, I did not interfere with him. The boy,
however, had been shot twice, once in each
leg. In one leg, the ball had entered above the
knee, passed down alongside of the joint and
emerged some three inches below, inflicting in
its course comminuted fractures of the tibia
and fibula. His wounds I considered so serious
that I brought him to the Fort with me next
day. On the 26th the Indian agent procured
quarters for him in the village . . . On the 27th
I administered chloroform to the patient and
made a careful examination of his injuries.
I found that his knee joint was diseased, and
that all the tissues had been so badly shattered
that amputation through the thigh would be
necessary. I accordingly performed the op
eration at once. I am happy to say that re
covery was rapid and complete, and that he
is now able to move about.”
Dr. K en nedy’s second operation w as p e r
form ed on a youthful Indian, who for
several years had suffered from discharging
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tuberculous glands of the neck, and Ken
nedy describes it as follows:
“At eight p.m. on the night of November
10, 1879, in thirty below zero weather, I was
called to ‘Head of the Mountain’, ten miles
west, to attend a young man who had fallen
in the snow, and was suffering from second
degree frost bite, and who, from shock and
exposure, was almost dead. However, I lifted
the almost lifeless body into my cutter, cov
ered him with blankets and surrounded him
with three charcoal burners, and rushed him
to our hospital. He was quickly revived by
our supportive treatment, and after three
weeks’ time, when the discharging glands
were not improving, I decided to operate on
him for the removal of the tuberculous glands
on the left side of his neck. He made a good
recovery, and was discharged from the hos
pital to his home. I requested him to come to
our hospital for examination every two or
three weeks. After a few months, the calls
at the hospital ceased, and I presumed that
he may have passed away. However, six years
later, while stationed at Fort Macleod, I saw
him competing in a long-distance race, and he
looked hale and hearty, and in apparently
excellent health. He was recognized as one
of the best long-distance runners in the NorthWest Territories.”
T he Com m issioner of the North-W est
M ounted Police, Colonel A. G. Irvine, in
his annual report dated D ecem ber 29, 1880,
m akes the following remarks, after a
special visit to the North-W est M ounted
Police Fort at W ood Mountain, in N ovem 
ber of 1879:
“On the 18th of November, 1879, I left
Fort Walsh for Wood Mountain, accompanied
by Inspector Cotton, the Acting Adjutant of
the force, and Surgeon Kennedy. We reached
there on the 23rd of November. While there,
I had several long interviews with ‘Sitting
Bull’ and other chiefs of the American refugee
Sioux, and Doctor Kennedy examined and
treated many of the Sioux Indians, four of
whom were to report to him for hospital
treatment at Fort Walsh, namely amputation
of feet for gangrene following gun-shot
wounds, or frost bite.”
T hese operations were successfully per
form ed at Fort W alsh a few days later
b y Dr. Kennedy, who in his report states
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that he used the Pirogoff
methods of amputation.

and
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Syme

by his reports while in the Police, and by his
work which he had discussed and reported.”

“I received an idea of the cruelty to which
these Sioux were subjected at the hands of
their lords and masters, and the poet Pope
must have had similar opinions in mind when
he wrote the lines many decades before, in
England:
‘Fixed like a plant to his peculiar spot,
To draw nutrition, propagate, and rot.’ ”

Dr. M ew burn should know, because he
practised for nearly thirty years at L eth
bridge, near Fort W alsh and Fort M acleod, and hardly a w eek passed w hen he
and Kennedy d id not operate together at
one town or the other.
Kennedy remained w ith the N orth-W est
M ounted Police from 1878 until the sum
mer o f 1889, during w hich time his profes
sional duties were divided betw een Fort
Walsh, Fort M acleod, and Fort Calgary.
The decision to resign was m ade because
he wished to enter private practice at Fort
M acleod, w hich was then the centre o f a
flourishing ranching country, and it was
also more convenient fo r him in his new
duties as medical officer and surgeon to the
construction gangs of the C row ’s Nest Pass
Railroad of the C.P.R., w hich position he
held until 1913, when he was su cceed ed b y
his son, Dr. Allan Kennedy. By this time,
his name was known far and w ide, not only
for his professional ability, but also for
the great administrative capacity w hich he
had shown with the N orth-W est M ounted
Police in his hospital duties.
In 1889, the Canadian M edical A ssocia
tion held a large and successful m eeting
at Banff. There were a num ber o f dis
tinguished men from the United States as
visitors, and Montreal and T oronto w ere
especially well represented. Dr. W heeler
o f Cincinnati (th e alternative man in case
Dr. Osier refused the professorship at Johns
H opkins), Dr. Connors, a w ell-know n bon e
and joint surgeon, Dr. M acey o f Boston,
and others w ere among the visitors present
at this meeting. It was then that Dr. K en
nedy read a paper on “The Clim ate o f
Alberta and Its Relation to Certain D is
eases, principally Pulmonary” , and also
touched upon the fevers o f the country.
The paper showed K ennedy’s trend o f
thought, his lucid and clear expositions,
his know ledge o f the subject, and his gen
eral know ledge o f men and his high ideals.
It produced a profound sensation. Such a
paper, scientifically recorded b y a com para
tively young man living in a com para
tively unknown part o f the N .W .T., was
unexpected and took them b y storm. At that

3. The third class of patients with
whom Dr. Kennedy had to deal were many
o f the construction workers for the new
railroad, the Great Northern, located at
Fort Benton, Helena, Silver City, and Bismark.
4. W hite settlers and ranchers from the
foothills o f the mountains, and the central
plains of the North-W est Territories.
5. Missionaries of the various religious
denominations, of whom there were only
ten or twelve, as well as members o f the
H udson’s Bay Co. and other trading com 
panies, carrying on legitimate business
with the Indians.
At a meeting o f the Calgary M edical
Association in 1926, Dr. F. H. Mewburn,
the Professor of Surgery at the University
o f Alberta Medical School, had this to state
about Dr. Kennedy:
“Doctor Kennedy’s mission was, of course,
that of a doctor, and it was the manner in
which he entered into and carried out his
professional work that brought him recogni
tion as a skilful and trusted surgeon. Wonder
fully observant, working out his cases well,
and careful in details, he gave the best he
had to his patients, with great judgment and
sympathy, and was accorded the respect and
confidence of the whole country. The extent
of country over which he travelled was enor
mous. Roads were trails, habitations few and
far between, treacherous rivers had to be
forded, and at certain seasons of the year,
especially in the foothills of the mountains,
storms were apt to arise, as they do now, and
trap the traveller. Horses and buckboards were
the means of transportation. In the matter of
professional assistance, he was alone for years.
Yet he was able to continue this arduous
practice and still have time to read and think
and keep abreast of the times. He had a wellorganized mind, as is shown by the papers
from which quotations have been made, and
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time overtures were made to Kennedy to
return east and practise in Montreal and
Toronto, but he refused. He had the call
of the west and he was faithful to that.
At the end of the paper, Kennedy’s Canadianism came to the fore. He asked why
Canadian physicians should refer their
patients to Colorado, when they had a
climate equally good within the confines
of their own Dominion.
It was after this C.M.A. meeting and
behind the scenes, in round-table discus
sions, that his ability as a surgeon was
really brought to the notice of the visiting
doctors. Some of his cases left a lasting im
pression on his listeners. One case was that
of a bullet wound of the chest: the bullet
had entered above the second rib, and had
torn its way out at the angle of the scapula
on the other side. How the great vessels
escaped was miraculous. During the pro
gress of the case, many surgical complica
tions developed, but they were success
fully met and the patient eventually made
an excellent convalescence.
Another case was a compound fracture
of the tibia, with the loss of about two
inches of bone. Kennedy followed the prac
tice of the celebrated French bone surgeon,
Ollier of Marseilles. The wound and soft
tissues were well cleaned. The bone of the
leg of a dog, killed for the purpose, was
cut in small pieces and the gap filled in,
and a carbolic dressing applied. The case
did badly. Later it was found that this
■'ad been the experience of Phelps, of New
York, a well-known bone surgeon, who
had performed a similar operation a few
months previously, but of which Kennedy
was unaware. In spite of this, the man
afterwards had a very useful, strong leg.
The fibula was shortened two inches,
which allowed the ends of the tibia to be
approximated and fixed by an ordinary
wire nail.
Kennedy was the chief organizer of the
North-West Territories Medical Association
in 1889, and was its first president in 1889,
1890, and 1891. He was at one time VicePresident of the Canadian Medical Associ
ation. From 1897 until 1905, he filled the
post of Inspector of Hospitals, including
mental institutions, for the North-West
Territories. He was President of the Col
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lege of Physicians and Surgeons of the
North-West Territories from 1902 until
1907. In 1908 he was appointed to the
Senate of the University of Alberta, and
in 1913 he was elected to the General
Medical Council of Canada, shortly before
he passed away.
After the provinces of Alberta and
Saskatchewan were formed in 1905, Ken
nedy was elected the second president of
the College of Physicians and Surgeons
of Alberta in 1907 and 1908, succeeding
the well-known Dr. R. B. Brett of Banff,
who was later to become LieutenantGovernor of the province of Alberta. The
fact that Kennedy, a surgeon and general
practitioner at Fort Macleod, held these
high positions in organized medicine for
nearly twenty years indicates the great
respect and admiration in which he was
held by the profession throughout the
North-West Territories.
He was one of four western medical
men who toured the west in the first years
of this century, especially British Colum
bia, working toward the firm foundation of
a Dominion-wide Canadian Medical As
sociation, with primary emphasis on the
organization of a Western Medical Fed
eration. The four were Drs. Brett and Ken
nedy of Alberta, and Milroy and Patterson
of Winnipeg. As a result of their efforts the
Dominion Medical Council was formed.
For many years he was chairman of the
committee on public health and preven
tive medicine, appointed on a salary basis
by the Council of the N.W.T. This
committee really spearheaded the medical
health acts directed toward preventive
medicine as we know it today. It made
recommendations which eliminated the
unsanitary conditions existing around the
villages, towns and N.W.M.P. barracks of
that time, and eventually led to the es
tablishment of the headquarters of the
North-West Mounted Police at Regina, in
1882.
P o stg ra d u a te W ork

Almost every year Dr. Kennedy visited
the leading surgical clinics of North Am
erica—McGill, Toronto, Boston, New York,
Philadelphia, and Chicago. In the United
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Fig. 4.—The doctors who attended the meeting to form the Western Medical Society,
held in conjunction with the Canadian Medical Association Meeting at Banff, 1889.
Top row—Drs. McGillivray Young, Saskatoon; A. E. Kelly, Swift Current; J. S. Gray, W in
nipeg; W. Sutherland, Revelstoke; and J. N. Hutchison, Winnipeg. Second row —Drs. G. A.
Kennedy, Macleod; J. E. Spankie, Calgary; R. G. Brett, Banff; A. T. Monro, Vancouver;
and R. S. Thornton, Deloraine. Bottom row —Drs. J. D. Lafferty, Calgary; A. I. Proctor, Van
couver; C. Stewart, Calgary; and W. A. Thomson, Regina.

States, he was a great admirer of James
Marion Sims, T. A. Emmett of Virginia,
a famous and outstanding gynaecologist of
the time, Howard A. Kelly and W. S. Halsted of Baltimore, and also John B. Mur
phy, of Chicago. Chicago was more con
venient to him, because in the late 1880’s
and in the ’90’s, the Great Northern Rail
road was completed, and he could travel
quite easily to Chicago. He was a great
reader of the medical and surgical journals,
and with Dr. Mewburn performed with
considerable success many of the Murphy
operations, including various methods of
anastomosis of the gastrointestinal tract
with the Murphy button. He also used
cocaine and its derivatives as a local anaes
thetic.
K ennedy’s L ife at F ort M acleod

Kennedy took up permanent residence
with the North-West Mounted Police in
Fort Macleod, N.W.T. (now in Alberta), in
1882, as well as carrying on general prac

tice, of which surgery was a very consider
able part.
He took a very active part in the com
munity life at Fort Macleod, and was one
of the early golfers and polo players in
Fort Macleod and district. Incidentally he
was one of the first candidates initiated
into the Alberta Lodge No. 3, A.F. and
A.M., and was No. 37 on the register of
the Grand Lodge of Manitoba. He was
also a leader of the committee which ar
ranged the first Masonic Ball, held on St.
John’s night, in 1886.
The following is an extract from a letter
recently received from his grand-daughter,
Mrs. Grant Stevens, now living in W in
nipeg:
“What constantly amazed me at the vari
ous times we came in contact with his
papers and books was the fantastic amount
of reading he did. I have a whole box
full of medical books at home in Macleod
—all prior to 1900; some of them I expect
are quite valuable. His personal library
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included histories and classics and all man
ner of subjects. And I know there was a
debating society to which he belonged
|The Macleod C lub], really more of a club
where papers were written and delivered
on a vast variety of subjects. They all
spoke so fondly of his goodness to them—
it seems to me my grandparents were al
ways making beef tea and gruel for the
poor ones! The social life was very gay in
those days too—people seemed to flock
around like bees to a honey-pot from far
and near, and the Kennedys kept ‘open
house’ all year round.
“I do know from my father (D r. Allan
Kennedy) that he was extremely interested
in research and surgery, and had planned
to go into that field once my father had
taken over the practice, after his large
amount of postgraduate training (Vienna,
Mayo’s, etc.,); in fact, I think that that was
the main purpose of his going to England
with my grandmother in the fall of 1913.
They were forced to stop off in Winnipeg,
due to grand-father contracting ulcers of
the throat (I believe it is called Vincent’s
disease?). Anyway, that was the end of
him—at 55.”
Fort W alsh and Fort Macleod and their
immediate neighbourhoods were always
greatly beloved by Dr. Kennedy. Those
undulant uplands covering tens of thous
ands of acres were sun-warmed and peace
ful after law and order had become es

tablished by the N.W.M.P. Mountain
streams aflash with cut-throat and rainbow
trout tumbled through the foothills; in
burned-over sections new-growth pine,
spruce and poplar trees spotted the land
scape. To the north stood the gothic peaks
of the Livingstone and Highwood Ranges,
to the south the pinnacles of the Lewis
Range, to the west the snow-spired main
range of the Canadian Rockies. Bear, deer,
elk, moose and coyotes still moved through
lush grass dotted with blue lupin. In this
district, with the devoted attention of his
wonderfully kind wife, he enjoyed a happy
family life. Many pages could be written
of their family spirit. They used to spend
their spare hours in reading the great
literature of the past. W hen the doctor
felt tired and was inclined to rest for an
hour or two, his wife would often read
to him from the Greek dramatists—^Eschylus, Sophocles, Euripides, and Aris
tophanes. Doubtless they thought that the
lawlessness and bold days of the 1870’s
had some echo of those earlier days, and,
to quote from CEdipus the King by Sopho
cles, considered that their own objective
in life might be summarized in these lines:

AN ALBERTA PIONEER0

Gentlemen Adventurers trading into Hudson
Bay arrived at York Factory, then staffed by
a group of Scotsmen that could be counted
on both hands. Later he penetrated the Great
Northland and finally became the pioneer
doctor of Alberta.
“Few medical men had, previous to the
coming of Dr. MacKay, remained long in
Western Wilderness. Several brought out by
the Earl of Selkirk remained in the Red River
Settlement. One spent a few months on Hudson
Bay in 1812. This was Dr. Thomas McKeevor
an ‘obstetrician adventurer’ from Ireland. His
experiences are on record.
“In 1869 when smallpox broke out in the
Edmonton District, there was no doctor nearer
than Fort Garry, a thousand miles to the East.”

“Dr. MacKay was the pioneer doctor of
Alberta. ‘His excellent professional abilities
will be greatly appreciated, in as much as
thev are combined with great professional zeal
and much kindness and amiability of charac
ter.’ Such were the words used by Sir James
Y. Simpson, discoverer of chloroform anaes
thesia, and Professor of Midwifery at the
University of Edinburgh, in recommending
Dr. William Morrison MacKay, for a position
in Scotland in 1861. Three years later Dr.
MacKay, as a surgeon to the Company of
“ J a m i e s o n , H. C .: Early medicine in Alberta: the
first seventy-five years, Canadian Medical Associa
tion, Alberta Division, 1947.

“Therefore begrudging neither augury,
Nor other divination that is thine,
O save thyself, thy country, and thy king,
Save all from this defilement of blood shed.
On thee we rest. This is man’s highest end,
To others’ service all his powers to lend.”
502 Medical & Dental Bldg.
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ARTI CLES

THE ROLE OF THE CUBITAL TUNNEL IN TARDY ULNAR PALSY0
W ILLIA M FEIN DEL, M.D., F.R.C.S.[C] and JOSEPH STRATFORD, M .D., F .R .C .S .[C ],

Saskatoon, Sask.
I n t r o d u c t io n
a s s o c ia t io n of slowly progressive ulnar
nerve palsy with certain lesions about the
elbow was described in 1878 by Panas,13
in an elegant report of four patients pre
sented to the French Academy of Medicine.
Since that time the clinical picture of tardy
ulnar palsy has been well documented in
the surgical literature.
The paralysis has generally been con 
sidered a delayed result of previous frac
turing or soft tissue injury about the elbow.
Direct irritation from friction in a rough
ened groove, inadequate protection from
repeated mild trauma, and stretching of
the nerve trunk during flexion because of
cubitus valgus have been generally pro
posed as the main exciting causes.7' 9>11>17
The treatment most commonly recom 
mended has been the surgical transposition
of the nerve out of its groove to the anterior
aspect of the elbow. This is intended to
serve the double purpose of carrying the
nerve from a fixed bed of scar tissue to
a sound bed of healthy muscle or fascia,
and at the same time of relaxing the nerve
by swinging it into a shorter anatomical
course anterior to the medial epicondyle.
The results recorded in the literature have
been so satisfactory that the generally
accepted hypothesis of friction and stretch
ing of the nerve as the main causes of the
paralysis would appear to be adequately
substantiated.3
Over the past two years, however, we
have been reassessing the anatomical fac
tors underlying the mechanism of tardy
ulnar palsy. This interest was prompted
by operative findings in three patients
who presented with an advanced stage of

T he

“ From the Department of Neurosurgery, Univers
ity Hospital, Saskatoon, Saskatchewan. Presented
at the 27th Annual Meeting o f the Royal College
of Physicians and Surgeons of Canada, Montreal,
October 18, 1957.

palsy but with no significant deformity
of the elbow joint.
In these patients, the nerve exposed at
the elbow was found to be adherent in
the ulnar groove and markedly swollen.
As a first stage in transposition, the apo
neurosis of the flexor carpi ulnaris, arching
between the medial epicondyle and the
olecranon, was incised. This revealed an
abrupt constriction of the nerve where it
tunnels beneath this arch. The nerve was
not transposed because this would have
meant sacrificing major blood vessels sup
plying it, as well as the nerve branches
running to the lateral head of flexor carpi
ulnaris. The nerve was dissected free of
adhesions. The aponeurosis roofing it was
left open. The patients all showed signs
of recovery which began promptly after
this decompressive operation and which
have continued at follow-up examinations
extending for more than a year after
operation.
These results have led to the conclusion
that an important factor in the etiology
of tardy ulnar palsy, and one which seems
to have escaped previous analysis, is con
striction of the nerve just distal to the
medial epicondyle. At this point the nerve
dips from a superficial to a deep submuscular course through a restricted open
ing, the roof of which is formed by the
aponeurotic arch between the olecranon
and medial epicondyle and the floor by
the medial ligaments of the elbow joint.
It is proposed that this be called the cubital
tunnel. Constriction of the nerve in this
tunnel provides an explanation o f some
of the features of tardy ulnar palsy which
have never been satisfactorily accounted
for by the hypothesis of friction and
stretching of the nerve. These include the
soft, insensitive swelling of the nerve, the
partial sparing of flexor carpi ulnaris, and
the aggravation of pain or parsesthesiae by
flexion of the limb in the absence o f any
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Figs. 1 and IA.—The constric
tion and
retrograde swelling
of the ulnar nerve in Case 1.
The aponeurotic roof of the
cubital tunnel has been par
tially opened.

Fig. 1

significant d e g r e e o f cubitus valgus. It is
su ggested that these features constitute a
cu b ita l tu n nel syndrom e w h ich is d u e to
fo c a l com p ression o f the nerve in the
tunnel. T h e clin ical picture is thus dis
tin gu ish ed fro m those cases o f d e la y ed
ulnar p alsy w h ere paralysis o f all the
com p on en ts o f the nerve is associated w ith
gross d e fo rm ity or fracturing a b ou t the
e lb o w joint.
It sh ou ld b e noted, m oreover, that d u r
in g the w ell-k n ow n p roced u re o f transpo
sition the aponeurosis form in g the r o o f o f
this tunnel is incidentally incised. It seems
p ro b a b le , in the light o f the present find
ings, that th e success o f transposition m ay
o ften h ave b e e n an u n recogn ized ben efit
o f cu b ita l tu n n el decom pression.
T h ese p oin ts, w h ich have b een p u b lish ed
in sum m ary fo rm elsew here,6 w ill b e d o c u 
m en ted in th e follow in g case reports and
am plified in th e discussion.

C ase R eports
C ase 1 .—Farmer, aged 63. Injury to right
elbow joint eight years previously, locking of
elbow relieved by operation the following
year. In the past year, numbness and aching
with weakness and wasting in the distribution
of the ulnar nerve. At operation, swollen
nerve freed from fixation in the ulnar groove
and aponeurotic roof of the cubital tunnel
slit open; immediate postoperative improve
ment.
C.A. was admitted on April 6, 1956. Eight
years before he had tripped over some fence
wire and injured his right elbow. For at least
tw o months he had repeated locking of the
elbow. H e noticed no numbness or weakness
o f his arm at that time. About one year later,
he had an operation on the lateral aspect o f

the elbow because he was told he had “mice”
in the joint. Since that time he has had no
locking or pain in the joint.
About one year before admission, he first
noticed on bending the elbow a deadness in
the last two fingers of the hand as though
there were “no circulation” . H e at first used
to gain relief o f this aching deadness by
hanging the arm down at his side. Eight
months before admission, the discomfort be
came almost continuous despite this posturing
o f the arm. Six months before admission he
noticed wasting behind the right thumb. He
was unable to milk the cows* or hold a hay
fork because of weakness o f the right hand.
Recently he had noticed a hollow in the right
palm.
Examination showed atrophy o f the interossei, particularly of the first dorsal interos
seous.
There was marked weakness of
abduction and adduction of the fingers, and
some atrophy o f the hypothenar and thenar
eminences. The hand grip was slightly weak.
The fourth and fifth fingers showed a mild
claw posture. The flexor carpi ulnaris was
only slightly weak. There was sensory im
pairment over the little finger, the lateral
aspect o f the fourth finger, and along the
ulnar border o f the right hand. The right
ulnar nerve was enlarged and peculiarly in
sensitive to pressure on palpation near the
medial epicondvle.
An operative scar was present on the lateral
aspect of the right elbow. There was 10° of
valgus deformity and the elbow extended
10° short of normal range. Crepitus was noted
about the postero-lateral aspect of the elbow
joint. X-ray films of the elbow joint showed
evidence of marked arthritis on both sides,
“ Readers familiar with this skilled manoeuvre
will appreciate the handicap presented by a weak
and atrophic first dorsal interosseous muscle.
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Fig. 1A

more so on the right where there was irregu
larity of the lateral surfaces of the lateral
condyle of the humerus with narrowing of the
joint space. Some loose bodies were seen in
the anterior portion of the joint space.
At operation (by W.F.) on April 13, 1956,
the ulnar nerve exposed in the groove was
swollen to about one-third larger than its
normal diameter over a distance of 2.0 cm.,
and the blood vessels on the nerve sheath
appeared injected (Fig. 1). The swelling was
softer in consistency than one might expect
of a neuroma. The deep aspect of the swollen
nerve was adherent in the groove. Just distal
to the epicondyle, at the point where the
nerve tunnels between the lateral and medial
heads of the flexor carpi ulnaris muscle, the
aponeurosis arching from the medial epicon
dyle to the olecranon was stretched taut across
the nerve. The adhesion and swelling of the
nerve was just proximal to this point. Deep
to the aponeurosis, and arching in the same
direction, was a connective tissue membrane
which seemed to correspond to the deep fas
cial lining of the muscle. It also appeared to
be contributing to the constriction of the
nerve.
It was noted at the time that this situation
resembled the transverse carpal ligament con
stricting the median nerve at the wrist. The
adherent nerve was freed from its bed. An
attempt to strip off a length of the motor
branches running to the lateral head of flexor
carpi ulnaris was not pursued because of
bleeding from the main nerve. In spite of
slitting open the aponeurosis for several more
centimetres the nerve could still not be trans
posed without sacrificing this nerve as well
as a nutrient vessel entering the nerve from
the recurrent ulnar artery. The nerve was
therefore left in its usual bed, and the apo

neurosis partially resutured before the end of
the procedure. Electrical stimulation at sev
eral points along the exposed nerve produced
contraction of the flexor carpi ulnaris and
tingling in the hand but no movement of the
fingers.
The operation was carried out under a
brachial plexus block. Toward the end of the
procedure the patient could feel touch and
pinprick in the region of the little finger where
there had previously been a marked sensory
loss.
When seen two months later, he had relief
of the severe aching pain which had been
present in the elbow and forearm before op
eration. At the end of one year, although
sensation was still somewhat impaired, there
was improvement in motor power in all af
fected muscles. There was still atrophy of the
first dorsal interosseous muscle. He could now
fork hay and use a hammer.
One year after operation, stimulation of the
ulnar nerve at the elbow and the wrist pro
duced contraction of all muscles supplied by
this nerve except for the first dorsal inter
osseous. Polyphasic potentials from the first
dorsal interosseous and from the abductor
digiti quinti indicated recovering motor units.

C o m m en t
T he main features in this case w ere the
aching pain, the disabling d e gre e of w eak
ness and w asting with sp arin g of flexor
carpi ulnaris, and insensitive sw ellin g of
the nerve proxim al to the apon eurotic arch.
T here w as prom pt and continuing im prove
m ent follow ing simple d ecom pression of
the nerve.
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Figs. 2 and 2A.—The appear
ance of the nerve in Case 2,
after opening the cubital tunnel.

Fig. 2

Figs. 3 and 3A.—The incised
aponeurosis apposed by haemostats to illustrate how the nerve
was compressed in Case 2.

Fig. 3

C a s e 2.—Farmer, aged 64. No history of
injury to the elbow; numbness of the fourth
and fifth fingers 18 months before admission;
wasting, weakness and sensory impairment in
the ulnar distribution. At operation, ulnar
nerve swollen above and constricted in cubital
tunnel; slitting open tunnel and freeing nerve
in ulnar groove followed by prompt improve
ment.

R.H. first experienced a sensation of cold
ness in his left hand and forearm approxi
mately five years before admission to hospital.
Eighteen months before admission, he noted
numbness in the fourth and fifth fingers of
his left hand. This was followed by a flexion
deformity of the same two fingers and a wast
ing of the muscles of the left hand. While
shovelling snow he experienced an aching
pain and coldness in the left forearm and
fingers. He remarked that he had difficulty
buttoning his shirt, shaving, holding nails or
operating the levers on his farm implements,
because of weakness of the left hand. His
disability was such that he thought he would
have to give up farming. There was no history
of injury to the arm or elbow.

On examination, there was about 20° limita
tion of extension of both elbows, but this was
more evident on the right than on the in
volved side. On palpation, the ulnar nerve in
the left condylar groove was abnormally
thickened and it seemed to be more super
ficial and fixed to adjacent tissues. It was un
usually insensitive to pressure. There was a
marked degree of weakness and wasting of
the first dorsal interosseous and abductor digiti
quinti. The left fourth and fifth fingers were
hyperextended at the metacarpo-phalangeal
joint and flexed at the proximal interphalangeal joint. There was questionable weak
ness of flexor carpi ulnaris. Sensory examina
tion disclosed an area of hypalgesia with a
“delay” in the appreciation of painful stimula
tion; the area of abnormal sensation extended
to about one inch (2.5 cm.) above the wrist
in the ulnar distribution.
Electromyography showed “extensive dener
vation of the ulnar nerve beyond the elbow
which, from the lack of evidence of fibrillation
potentials, must be fairly chronic”.
At operation (by J.S.) on October 29, 1956,
the following notes were made: “Proximal to
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Fig. 2A

Fig. 3A

the medial epicondyle, the ulnar nerve gradu
ally became larger in diameter and was, in
fact, rather flattened and splayed out. It ap
peared that the groove behind the medial
epicondyle was more shallow than normal. At
the “tunnel” or arch at the junction of the
two heads of the flexor carpi ulnaris, the ulnar
nerve was suddenly tightly constricted (Figs.
2 and 3). When this tunnel was slit open, the
ulnar nerve lying deep at this point was seen
to be much smaller in diameter than the
normal-appearing ulnar nerve lying proximal
to the medial epicondyle, and about one-third
the diameter of the thickened or widened
abnormal ulnar nerve lying immediately be
hind the medial epicondyle. Because the distal
parts of the ulnar nerve were fixed by branches
to the flexor carpi ulnaris muscle, it was ap
parent that any attempt at transplantation of
the ulnar nerve would necessitate a section
of at least one of these branches. It appeared
that merely slitting the constricting fascia
joining the two heads of flexor caipi ulnaris
would probably suffice to remove the com
pression of the ulnar nerve.”

Postoperatively, immediately after recovery
from the antesthetic, the patient remarked
that his left hand felt more normal than it
had done for over a year. Considerable re
turn of sensation and improvement in motor
power followed within the first few weeks
after operation.
Six months after operation, the patient re
ported by letter that his arm and hand were
better than they had been for several years.
He stated that sensation had returned so that
he could handle a fork or an axe better than
before operation.
He was re-examined on November 12, 1957,
one year after decompression of the ulnar
nerve in the cubital tunnel. The patient him
self estimated that his hand was 75 % better
than before operation, and that he now was
able to do his farm work such as handling
the combine or hammering nails. H e stated
that the numbness in his fingers and hand had
lessened and that there had been no sensation
of coldness in the hand during the winter, as
there had been before operation. Although
the patient was convinced that the muscle
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wasting in the hand had filled out, this was
not apparent to the examiner. The nerve at
the elbow could be palpated in the superficial
tissues and moved freely. Some contractions
were felt in the flexor carpi ulnaris and ab
ductor digiti quinti. There was improvement
in the first interossei and deep flexor of the
little finger. There was fair power in adductor
pollicis and opponens digiti quinti. There was
still an area of sensory change with “delayed”
sensation in the little finger extending over
the hand to the wrist.
An electromyogram on November 12 showed
evidence that recovery was taking place in
flexor carpi ulnaris, the first dorsal interos
seous and in flexor digiti quinti.
C om m ent

T he interesting feature here is the lack
of history of injury in the elbow. In ad d i
tion, it m ay b e noted that the limitation
of extension involved both the affected
lim b and the opposite lim b, to which no
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sym ptom s w ere referable. The swelling of
the nerve proxim al to the edge of the apo
neurosis form ing the roof of the cubital
tunnel and its constriction in the tunnel
were again clearly dem onstrable. Improve
ment again began im m ediately after sim ple
decom pression of the nerve.
C ase 3 —Farmer, aged 56. Injury to right
elbow nine years previously; over the past
year pain in forearm, fourth and fifth fingers,
with ulnar palsy developing distal to the flexor
carpi ulnaris supply. Freeing of the fixed
nerve in the ulnar groove and slitting open
the cubital tunnel; motor and sensory im
provement noted three hours following opera
tion.

Nine years before admission, J.T., a Cree
Indian who earns his living by farming and
carpentry, was holding a horse by a lariat
wound a turn or two around his hand. The
horse reared suddenly and gave the patient’s
right arm a jerk. He reported that for about
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30 days he was able to bend the elbow only
slightly. Since then he had had occasional
pain and some numbness on the ulnar aspect
of the forearm. He noted no loss of power in
the hand or fingers.
Over the past year he noticed difficulty
straightening and, more recently, bending the
fourth and fifth fingers of the right hand. He
also lost the ability to hold a knife between
the index finger and thumb. In addition, he
found it difficult to spread his fingers or bring
them together. Over the same period he had
persistent aching pain which extended from
the medial aspect of the elbow down the
forearm to the fourth and fifth fingers.
There was 10° of cubitus valgus deformity
in the right upper extremity and flexion was
limited to about 5° less than on the left. There
was thickening and loss of sensitivity of the
ulnar nerve at the elbow. There was mild
wasting of the forearm and marked wasting
of the interosseous muscles of the right hand.
With the hand at rest, the little finger and,
to a lesser degree, the ring finger remained
flexed. There was marked weakness of the
thumb and index finger. Opposition of the
thumb and little finger was impossible. There
was weakness of adduction and abduction of
all the fingers of the right hand. There was
slight weakness of flexor carpi ulnaris on the
right compared to the left where it was ex
tremely strong, and mild weakness of flexor
digitorum profundus, more in the fifth than
the fourth finger. There was loss to pinprick
over the flexor aspect of the fourth and fifth
fingers.
X-ray examination of the right elbow showed
some narrowing of the joint space with irregu
larity of the bones about the joint, indicating
an appearance of degenerative arthritis. There
was no evidence of fracture.
At operation (by W .F.) on January 15,
1957, a brachial plexus block was performed
because of the patient’s vascular hypertension.
About five centimetres of the ulnar nerve
were exposed at the elbow. The nerve was
somewhat thickened down to the edge of the
aponeurosis of the flexor carpi ulnaris. There
was also a sheath of loose connective tissue
deep to the aponeurosis, but this did not seem
as significant as in Case 1 in constricting the
nerve except at a point where a blood vessel
entered the side of the nerve. The cubital
tunnel was fairly tight. The nerve was ad
herent for several centimetres proximal and
distal to the opening of the tunnel so that
the passage of a small dissector in the tunnel
was obstructed. The aponeurosis and the
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deeper sheath of connective tissue were split
distally to unroof the nerve. The nerve was
freed from its densely adherent bed in the
ulnar groove.
The patient showed dramatic sensory and
motor recovery within three hours of the end
of the operation; he reported sensation to pin
prick over the little finger, and the flexion
deformity of the little and ring fingers disap
peared. During the next few days the pain in
the forearm disappeared. Six weeks after op
eration it was difficult to find any sensory im
pairment. There was some filling in of the
first dorsal interosseous muscle. He had in
creased power in all the previously paretic
muscles. Four months after operation, he
showed continuing recovery of motor power
with normal sensation, except for subjective
numbness at the tip of the fifth finger.
Nine months after operation there was con
tinuing improvement. He had returned to
driving a tractor, wood cutting and carpentry.
He had no complaint of pain in the arm. The
flexor digitorum profundus had returned to
almost normal power but the intrinsic muscles
were still not back to normal.
Electromyographic studies before operation
confirmed the clinical impression that flexor
carpi ulnaris was only slightly involved in the
palsy. The intrinsic muscles supplied by the
ulnar nerve showed preoperatively fibrillation
potentials but incomplete denervation. E le c
trical evidence of recovery of the intrinsic
muscles was noted ten days following opera
tion. Fibrillation had disappeared one month
after operation. At nine months a normal inter
ference pattern was obtained from the ab
ductor digiti minimi. A reduced pattern from
the first dorsal interosseous was consistent
with the residual wasting and weakness per
sisting but gradually improving in this muscle.
One year after operation he complained of
aching from the elbow to the little finger pres
ent for 10 days. He had noted no injury to
the elbow and denied any unusual activity of
the arm. On inquiry he stated that during the
two weeks before the onset of the aching he
had cut down about 80 trees, hauled, trimmed,
sawed and split them for stove wood! On
examination, there was further improvement
compared to the findings nine months after
operation, with no sensory impairment and
some increase of power and filling out of the
intrinsic muscles. Aside from a tendency for
the nerve to ride up against the medial epicondyle with full flexion of the limb, no sig
nificant changes were noted in the region of
the operative site.
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C om m ent

In this case, the anatomical site of the
nerve constriction again was seen at opera
tion to be in the cubital tunnel. The flexor
carpi ulnaris was largely spared from
paralysis and this was confirmed by the
electromyographic findings. The cubital
tunnel was split open. The immediate post
operative and subsequent recovery was, in
this instance, perhaps the most striking of
the three cases.
D isc u ssio n

The Cubital Tunnel
The surgical findings in these cases were
remarkably similar. The localized constric
tion and retrograde swelling of the nerve,
together with the striking promptness of
relief after simple decompression, all point
clearly to constriction of the nerve as an
important factor in producing the pro
gressive ulnar palsy. The nerve is com
pressed as it dips from a superficial to a
deep submuscular course through a re
stricted opening just distal to the medial
epicondyle (Fig. 3). The roof of this open
ing is formed by the aponeurosis of the
flexor carpi ulnaris arching between the
medial epicondyle and the olecranon where
the two heads of this muscle take their
origin. The floor is formed by the medial
ligament of the elbow joint. This runs
in a fan-like pattern from the medial
border of the olecranon process to the
base of the epicondyle. Distally, the liga
ment ends on the coronoid process of
the ulna, which thus forms a bony hump
marking the distal end of the floor of the
tunnel. Because of the analogy in some re
spects to the carpal tunnel where the
median nerve may be compressed, we have
proposed6 that this opening be called the
cubital tunnel.®
Cubital Tunnel Compression
The cubital tunnel provides an anatomi
cal explanation for some features of tardy
ulnar palsy which have never been satis“ From the Latin cuhitum = elbow. French-speak
ing surgeons will be familiar with the ulnar
nerve as le nerf cubital.
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factorily accounted for on the basis of
friction and stretching of the nerve. These
will be taken up in turn.
(a ) Nerve swelling.—Palpable enlarge
ment of the nerve at the elbow was de
scribed by Panas13 in the four patients
with progressive ulnar palsy. The figures
from the report by McGowan11 indicate
that this swelling is most commonly seen in
the more advanced cases. She also pointed
out that in only a few cases was the swell
ing firmer than the normal nerve. In her
series none of the six cases with early
nerve involvement was said to show evi
dence of nerve swelling.
In the review by Gay and Love,7 a “large
nerve” was reported in 51 of 100 cases.
Richards16 reported that 10 of his 26 cases
had a “neuroma”, but made no distinction
as to the quality of the swelling.
In the three cases reported here, the
nerve was swollen and insensitive to pal
pation in the ulnar groove. When exposed
at operation the nerve appeared swollen,
oedematous and hyperaemic, with a fusi
form enlargement almost double the nor
mal diameter extending for a distance of
several centimetres (Figs. 1 and 2). This
moist swelling was softer in consistency
than the scar tissue of a true neuroma.
It is suggested that the swelling is retro
grade to the constriction in the tunnel and
is the result of interruption of the slow
proximo-distal flow of fluid along the nerve,
as described by Weiss,18 or to vascular
congestion associated with degenerative
swelling of individual nerve fibres and
their separation by exudate as reported by
Denny-Brown and Brenner.5 There is ad
ditional evidence from the earlier experi
mental studies of nerve ligature by Cajal,15
that such compression over a period of
time can result in severe degenerative
changes.
(b ) Sparing of flexor carpi ulnaris.—The
slight involvement of flexor carpi ulnaris
muscle compared to the severe weakness
and wasting in the intrinsic muscles of the
hand supplied by the ulnar nerve was a
distinguishing feature in all three cases.
This differentiation was further borne out
by the electromyographic findings and, in
one case, by direct stimulation of the ex
posed nerve at operation. This sparing

July 1958

CUBITAL TUNNEL SYNDROME

seems explicable by the circumstance that
the nerve branches to this muscle are the
most proximal of all those given off by the
ulnar nerve. They are formed into a dis
crete fasciculus proximal to the tunnel and
usually separate off the main nerve shortly
after entering the tunnel (Figs. 1, 2 and 4 ).
It seems probable that these branches, be
ing smaller and lying somewhat more freely
in the tunnel, are less subject to com
pression than the larger bulk of the main
ulnar nerve (Fig. 5).
It was noted, in this series, that there
was only partial impairment of the flexor
digitorum profundus muscle related to the
fourth and fifth fingers. But the nerve
branches going to this muscle come off the
main nerve several centimetres below the
entry of the tunnel. The sparing of this
muscle is probably due to the overlap in
innervation from the median nerve. In a
recent patient, for example, where there
was a direct injury to the ulnar nerve from
broken glass, the power of this muscle in
these two fingers was rated as almost nor
mal, although at operation there was found
to be a complete interruption of the motor
components of the nerve. In addition, in
one of the present cases where there was
fair preservation of power in flexion of the
distal phalanges of the fourth and fifth
fingers, direct stimulation of the ulnar nerve
at operation failed to produce any con
traction, although the flexor carpi ulnaris
responded briskly.
It seems evident, therefore, that the
sparing of flexor carpi ulnaris reflects the
fact that the nerve is compressed at a local
site in the cubital tunnel. It should be noted
that this sparing does not necessarily in
dicate a lesion of the nerve more distally
in the forearm. Conversely, severe weak
ness of this muscle should make one seek
a lesion of the nerve proximal to the tun
nel, due, for example, to a recurrent dis
location of the nerve or to gross distortion
of the elbow joint with soft tissue scarring.
(c ) Increase o f symptoms during flex 
io n —T he first patient found that he could
obtain relief of aching pain and paraesthesiae by placing his elbow in extension.
The other patients noted aggravation of
symptoms from shovelling or hammering.
A similar effect was noted by the first
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patient reported by Panas13 in his paper
of 1878. These effects and the palsy itself
have been attributed to stretching and
friction of the nerve in the presence of
cubitus valgus, and many authors have
tended to emphasize fracturing of the el
bow as the main etiological condition. But,
as Panas noted originally, fracture and
even significant trauma may be absent.
McGowan11 reported that 25 out of 46
cases had no definite history of fracture or
injury to the elbow and more than onethird of the 100 patients reported by Gay
and Love7 had no history of trauma.
In two of our cases and in many others
reported in the literature, valgus deformity
may be absent or of only minimal degree
in the presence of quite advanced ulnar
nerve palsy. Even in those cases with a
history of fracture, cubitus valgus may not
have developed. In 21 patients with a defin
ite history of fracture in McGowan’s
series,11 15 had an increased carrying angle
but in only two of the series of 46 cases
was cubitus valgus considered a feature
significant in the development of paralysis.
Gay and Love7 reported limited motion of
the elbow in 48 of 100 cases. In Bichards’
series16 of 15 patients who had tardy ulnar
palsy associated with a history of fracture
in childhood, only seven had cubitus val
gus.
Perhaps the most direct argument that
tardy ulnar palsy need not be associated
with stretching of the nerve from cubitus
valgus is offered by the prompt relief noted
in our cases where the nerve was simply
decompressed but its anatomical course
not shortened.
It is submitted that aggravation of symp
toms by flexion of the limb is due to nar
rowing of the opening of the cubital tunnel
during such movement. Examination of
the elbow by careful palpation, by move
ment when the nerve is exposed and by
anatomical dissection, indicates that sev
eral factors bring about this restriction.
These changes in the cubital tunnel dur
ing flexion and extension may be under
stood by reference to Fig 5. The first factor
is the roofing aponeurosis of the flexor
carpi ulnaris. With the elbow in full ex
tension, this is relaxed since the bony points
of attachment come closely together, al-
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taut. The nerve is compressed between these two structures.
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most touching each other (Fig. 5A). But
during flexion the epicondylar attachment
is fixed while the point of attachment to
the olecranon swings forward in an arc so
that the two become separated by some
three centimetres. The sharp, tough apo
neurosis is thereupon stretched taut over
the nerve, the main effect of this being
localized at the proximal edge of the tunnel
(Fig. 5B).
Some contribution to the tautness of this
tunnel roof could also be made when the
flexor carpi ulnaris contracts. This would
occur, for example, when this muscle acts
in fixation or powerful movements of the
wrist as in lifting, hammering or shovelling.
A second factor during flexion is the
elevation of the ligamentous floor of the
tunnel. The fan-like fibres of the medial
ligament, like the aponeurotic roof, are
stretched taut during the separation of the
olecranon and epicondyle and elevated by
the underlying trochlea. From a slack con
cave appearance in extension they tighten
and form almost a cord-like structure which
crimps the nerve against the aponeurotic
edge of the tunnel (Fig. 5B).
This narrowing of the cubital tunnel
would explain the “sleep paralysis” of the
ulnar nerve when the limb is kept in pro
longed flexion, without external pressure,
as noted in three cases by Gowers8 in 1892.
He gave, however, no explanation for the
mechanism involved.
One of the patients with ulnar palsy re
ported by Panas13 had a sesamoid bone in
the medial ligament of the elbow joint.
Similar cases have been reported by Gay
and Love7 and by Bryan and others.4
While such lesions are uncommon, they
are of interest in indicating how distortion
of this ligamentous floor can produce ulnar
paralysis. Many cases with tardy ulnar
palsy have been described as having only
arthritis of the elbow joint with no history
of trauma and with minimal joint deformity.
It is particularly in this group of cases that
it has been difficult to account for such
advanced degrees of palsy as are some
times found. We suggest that it is due to
scarring and thickening of the medial liga
ment producing narrowing of the cubital
tunnel with resultant nerve compression.
The presence of adhesions between the
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undersurface of the nerve and this liga
mentous floor of the tunnel in all three
cases presented here would support this
suggestion.
The Roof of the Tunnel
A finding in the first case was the pres
ence of a connective tissue band crossing
the nerve just distal to the epicondyle and
deep to the fibrous arch of the aponeurosis
(Fig. 1). It appeared to contribute to the
nerve compression by enhancing the con
stricting effect of the aponeurosis. A simi
lar but less prominent band present in the
third case seemed of less significance. These
correspond to the layer of fascia lining the
deep aspect of flexor carpi ulnaris. At the
proximal end of the tunnel this layer fuses
with the aponeurosis on the surface of the
muscle to form a firm edge. As the roof
of the tunnel is slit open further distally,
these two fascial sheets are separated by
an increasingly thicker layer of muscle
tissue. This is illustrated in Figs. 1, 2 and 4.
Proximal to the aponeurotic edge of the
tunnel, a loose but often rather thick layer
of connective tissue may arch over the
nerve. This seems to play no role in con
striction of the nerve.
In another patient, where the ulnar nerve
was explored because of direct laceration,
two tough narrow bands of connective
tissue crossed the nerve and were attached
between the medial epicondyle and ole
cranon. They were proximal to the apo
neurosis and quite separate from it. In the
event of thickening of the medial ligament
in the floor of the tunnel, these bands
could evidently have contributed to com
pression of the nerve. It seems clear that
such accessory bands, therefore, as well
as the fascia lining the deep surface of
flexor carpi ulnaris must be slit open with
the roofing aponeurosis to ensure adequate
decompression of the nerve. The only previ
ous reference which we were able to find
to fascial bands pressing on the ulnar
nerve was a brief one made without elab
oration by Woltman19 in 1947.
Since we first reported our findings, an
abstract of an interesting preliminary com
munication has been published by Os
borne,12 who stated that in exploring cases
of tardy ulnar neuritis he had found in
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almost every case a band of fibrous tissue
bridging the two heads of flexor carpi
ulnaris. He considered this band respon
sible for compression of the nerve; incision
of the band was followed by relief. We
suggest that this band of fibrous tissue
probably corresponds to the aponeurosis
of flexor carpi ulnaris which is, of course,
a well-recognized and constant anatomical
structure. For example, Cunningham’s
Manual o f Practical Anatomy2 refers to this
aponeurosis as a “fibrous arch between the
heads of flexor carpi ulnaris”. In our view
this aponeurosis forms the important roof
ing component of the cubital tunnel but
is more meaningful when considered in
relation to the ligamentous floor which of
fers counter pressure against the nerve,
particularly during flexion (Fig. 5).
T he F loor o f the Tunnel
As shown in Fig. 5B, as the olecranon
hinges forward during flexion, the medial
ligament of the joint, forming the floor of
the tunnel, is elevated by the underlying
medial margin of the trochlea. In the distal
part of the tunnel, this ligamentous tissue
ends and the last centimetre of the floor is
formed by the hard prominence of the
medial edge of the coronoid process. In
decompressing the nerve, it would seem
important to open the roof of the cubital
tunnel beyond this bony portion of the
floor.
C ubital Tunnel Syndrome
The clinical features in the present cases
would seem to form a distinctive type of
tardy ulnar palsy which may usefully be
called the cubital tunnel syndrome. This
term serves to indicate a progressive focal
constrictive lesion of the nerve in the cubi
tal tunnel, associated with a retrograde in
sensitive swelling of the nerve and a
tendency to spare flexor carpi ulnaris. It
is not necessarily associated with signifi
cant deformity of the elbow joint and is
promptly relieved by simple decompres
sion of the nerve.
This clinical picture is thereby distin
guished from those cases of tardy ulnar
palsy where paralysis of all components
of the the nerve is related to fracturing or
gross distortion of the elbow joint. It is
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for this latter type of palsy that the term
“traumatic ulnar neuritis” might perhaps
be reserved and for which anterior trans
position of the nerve may be necessary.
Transposition versus D ecom pression
The satisfactory results of transposition
of the ulnar nerve have been repeatedly
noted. Richards16 (1945) noted definite
improvement in 16 of 26 cases before dis
charge from hospital. Gay and Love7
(1947) concluded that the operative re
sults were 70% satisfactory in 76 patients
who could be traced after operation from
a series of 100 cases.
McGowan11 (1950) in a well-documented
follow-up study of 46 cases from Seddon’s
unit found all were relieved by operation
involving transposition, although patients
with severe wasting and sensory impair
ment retained residual signs.
The surgical technique of transposition
of the ulnar nerve was described in early
papers by Adson1 (1918) and since then
by others, including Platt14 (1926), Learmonth10 (1942), and Gay and Love7
(1947).
The splitting of the aponeurosis between
the two attachments of the flexor carpi
ulnaris as we have done here to open the
cubital tunnel is, of course, a necessary
preliminary stage when transposing the
nerve, in order to free the attachments
of the flexor muscles from the medial epicondyle. It appears probable that in many
cases the successful result attributed to
transposition may have been an unrecog
nized benefit of cubital tunnel decompres
sion.
Of particular interest in this regard are
five patients, considered by McGowan11
(1950), who had poor results due to in
adequate mobilization of the nerve below
the elbow. This produced sharp angulation
and constriction of the nerve 1.0 to 2.5
cm. below the medial epicondyle. All were
relieved by a second procedure in
volving free mobilization of the nerve and
replacement deep to the flexor origin. We
would interpret these cases, in the light of
our findings, as instances in which trans
position may have been attempted without
adequate incision of the aponeurotic roof
of the cubital tunnel. Failure of relief in
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these instances provides further evidence
that it is this “incidental” stage of the
technique of transposition which may often
be responsible for relief of symptoms.
While the operation for anterior trans
position of the ulnar nerve is a procedure
well-established technically, it is not with
out certain disadvantages. It necessitates
a long exposure of the nerve in the lower
third of the arm and the upper third of
the forearm. The nerve branch to the elbow
joint must usually be sectioned (Platt,14
1926; Learmonth,10 1942), and the flexorpronator muscles detached from the medial
epicondyle in order to bring the loop of
mobilized nerve through anteriorly. In
order to provide length enough of nerve
to swing it forward the nerve branches to
the flexor carpi ulnaris usually require
stripping up from the main branch if they
are not to be sacrificed. In two of our
cases, transposition would also have in
volved dividing a vascular bundle of moder
ate size supplying the main ulnar nerve.
It was considered that these dissections
offered considerable risk to the blood
supply of the nerve.
Decompression of the nerve by opening
the cubital tunnel can be done with ex
posure of a much shorter length of the
nerve and obviates the additional nerve
and muscle dissection involved in trans
position.
Transposition seems indicated, however,
where the nerve bed is grossly scarred or
where there is marked distortion of the
adjacent bony prominences or of the joint
due to fracture-dislocation or excessive cal
lus formation. From the evidence presented
here and from McGowan’s observations,
it should be emphasized that if trans
position seems necessary the nerve must
be well mobilized by slitting open the
aponeurotic roof of the tunnel for a sig
nificant distance to avoid angulation of the
nerve in its transposed position.
The findings noted above point con
clusively to the importance of the cubital
tunnel in the etiology of tardy ulnar palsy.
The results of simple decompression of the
nerve have been satisfactory in this small
series of cases. It is hoped that further
experience will form a basis for the proper
selection of cases suitable for decompression
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as contrasted to transposition. Removal of
the medial epicondyle following decom
pression is a modification that may prove
to be of benefit in certain patients where
the nerve dislocates during flexion.
Su m m a r y

1. In three patients, tardy ulnar palsy
was relieved by simply incising the apo
neurotic arch overlying the nerve between
the bony attachments to the olecranon and
medial epicondyle of the two heads of
flexor carpi ulnaris. The nerve was seen
to be constricted at this point and swollen
proximal to it. There was prompt and con
tinuing improvement after such decom
pression.
2. The term cubital tunnel is proposed
for this opening through which the nerve
passes from its superficial course to its
deep submuscular plane just distal to the
elbow. The roof of the tunnel is formed
by the aponeurosis of flexor carpi ulnaris
and the floor by the medial ligament of
the elbow joint. During flexion of the el
bow, the tunnel is reduced from an oval
to a narrow slit-like opening because of
the tightening of the aponeurotic roof and
the bulging of the ligamentous floor.
3. It is submitted that the surgical an
atomy of the cubital tunnel provides a
more satisfactory explanation for some of
the features of tardy ulnar palsy than has
been previously offered. Its effects are
analogous in some respects to compression
of the median nerve in the carpal tunnel.
It accounts for the constriction and retro
grade swelling of the nerve, the aggrava
tion of symptoms by flexion of the limb,
and the sparing of the flexor carpi ulnaris
muscle. These features make up a clinical
picture which we consider may be termed
the cubital tunnel syndrome. It is thus dis
tinguished from those cases of tardy ulnar
palsy where paralysis of all the muscles
supplied by the ulnar nerve is related to
gross distortion of the elbow joint and for
which the term traumatic ulnar neuritis
might be reserved.
4. It is suggested that the successful re
sults obtained by anterior transposition of
the ulnar nerve may have been in many
cases due to the fact that a preliminary
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stage in this procedure incidentally in
volves opening the cubital tunnel and de
compressing the nerve.
5. It is hoped that this record of our
brief series of cases will stimulate interest
in the cubital tunnel syndrome and in the
further evaluation of the role of the cubital
tunnel in ulnar nerve lesions.
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Chez trois malades la paralysie cubitale tardive
a ete soulagee par une simple incision de la
bandelette d’aponevrose epitrochleo-olecranienne
qui recouvre le nerf entre l’eminence osseuse de
Folecrane et l’epicondyle medial des deux chefs
du muscle cubital anterieur. On observa une con
striction du nerf a cet endroit et un gonflement
en amont. Cette decompression amena une ameli
oration immediate et persistente. Les auteurs suggerent le terme “tunnel cubital” ( gouttiere olecrdnienne interne ou epitrochleo-olecrdnienne de cer
tains anatomistes frangais) pour decrire cette
ouverture par laquelle le nerf passe de son cours
superficiel au plan sous-musculaire profond,
immediatement distal au coude. Le plafond de
ce tunnel est forme par l’aponevrose du cubital
anterieur, et le plancher, par le ligament medial
de Farticulation du coude. Au cours du flechissement du coude le tunnel passe d’une ouverture
ovale a une simple fente a cause du resserrement
de l’aponevrose du plafond et du gonflement des
ligaments du plancher. On pretend que l’anatomie
chirurgicale du tunnel cubital donne une exlication plus satisfaisante de certains aspects
e la paralysie cubitale tardive que celle qu’on
avait offerte jusqu’a present. Ces effets sont ana
logues en certains cotes a la compression du nerf
median dans le tunnel carpien. On peut ainsi
expliquer la constriction de meme que 1’oedeme
retrograde du nerf, Faggravation des symptdmes
par le flechissement du membre alors que le
cubital anterieur est epargne. Ces faits cliniques
peuvent etre reunis en un syndrome du tunnel
cubital. On le distingue ainsi des cas de paralysie
tardive du cubital ou la paralysie de tous les
muscles innerves par le cubital resulte d’un de
placement evident de l’articulation du coude et
our laquelle le terme nevrite cubitale traumatique
oit etre reserve. Les auteurs suggerent que les
resultats heureux obtenus par la transposition anterieure du nerf cubital peuvent avoir ete le
resultat, dans bien des cas, de la decompression du
nerf au cours de l’ouverture de la gouttiere olecranienne interne pendant le premier stage de
l’intervention. Soubaitons que cet expose de notre
breve serie de cas creera un interct dans le
“syndrome du tunnel cubital” et aidera a l’evaluation ulterieure du role de ce tunnel dans les
lesions du nerf cubital.

A ck n o w led g m en ts
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CONGENITAL ABSENCE OF THE RADIUS0
A. W . FARMER, M .D .t and C. A. LAURIN, M .D.,t Toronto

T he d e fo r m it y commonly noted with con

genital absence of the radius is a clubbed
hand (Fig. 1). In such cases the upper
limb, and particularly the forearm, is
measurably shorter than the other. The
hand is small and deviated radially; the
thumb is frequently absent or abnormal,
and the fingers ( usually the index and
middle fingers) may be anomalous in func
tion or appearance. The deformity is often
bilateral (Fig. 2).

diaphysis. When the distal end is present,
external deformity can be minimal. In
those cases where the condition is bilateral,
the deformity is usually the same on both
sides, with a complete absence of radius
(Fig. 4).

I ncidence

This condition is relatively uncommon,
occurring once in 30,000 births. It was first
reported in 1733 by Petit,18 although Pare17
in 1573 described a similar type of deform
ity. In December 1955, the total number of
reported cases was 274.19 Eleven cases
recently seen at the Hospital for Sick
Children are reported here. Nine of these
cases are still under treatment.
The lesion is usually not seen in other
members of the family. There are excep
tions to this, however. Bouvier reported
the condition in a father and four of his
five children; Joachinstad found the anom
aly in a mother and her five children. It
was reported in identical twin brothers in
1948 by Goldenberg and Patterson.8 No
body, however, has reported the condition
in three successive generations. This was
noted in one of our cases in the infant,
the mother, the maternal aunt, and the
maternal grandfather.
P at h o lo g y

The clubbed hand, or as it is sometimes
called, radial clinarthrosis, is usually asso
ciated with absence of the radius. Rarely,
the radius is found intact. In cases of in
complete absence of the radius, the distal
end is usually lacking (Fig. 3 ), but the
absent segment may be either end or the
“ From the Department of Surgery, The Hospital
for Sick Children, Toronto.
tChief of Surgery, The Hospital for Sick Children,
Toronto.
+Resident in Orthopaedic Surgery, The Hospital for
Sick Children, Toronto.

The ulna is usually found to be shorter
than normal, thickened posteriorly and
curved radially. This curvature is in accord
ance with an observation made by Ollier10
in 1867, in that where two parallel bones
are normally present, and one of them is
absent, the remaining one will curve and
tend to occupy the position of the former
one.
The thumb is usually absent or anom
alous and functionless. The carpus is rarely
complete; the most frequently absent bone
is the scaphoid. The humerus is usually
shorter, but may be longer than normal.
The ipsilateral scapula and clavicle may
be malformed or smaller than normal.
As far as the nervous system is con
cerned, the brachial plexus is usually found
intact and the neuro-anatomy is normal
to the elbow. Minor variations are found
distally, but cutaneous sensation is intact
and the muscles present are all innervated.
Vascular anatomy is frequently disturbed
below the elbow, and an absence o f radial
pulse is frequently noted.
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Fig. 2.—Bilateral absence of the radius. Note
the congenital dimple and the excess skin on the
ulnar side of the wrist. Notice also the absent
thumb, the anomalous index finger and the com
pensatory prehensile position of the little finger.

Muscle anomalies are often noted in the
pectoralis major and minor, in the biceps
and in the brachialis muscles. In the fore
arm there is no interosseous membrane
and the muscular anatomy may be difficult
to recognize; the variations will depend
on the extent of the defect.
Associated distant anomalies are present
in approximately one-third of the cases.
They are more often found on the side
of the clubbed hand. Clubbed feet are
the most commonly associated deformity,
but true to Rokitansky’s law,20 almost any
anomaly is possible.
E tio l o g y

The cause of any defect noted at birth
has always been an enigma. In 1924 Kato14
reviewed the various theories. Two of these

Fig. 3.—W ith incomplete absence of the radius
the distal end is usually lacking. Note also the
curve of the ulna, the absent thumb, and the in
complete carpus (age 5).
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merit reiteration: (1) the embryological
or archipterygeal theory suggested by
Gegenbaur in 1876,7 and (2 ) extraneous
theories.
1. Em bryological
or
archipterygeal
theory o f Gegenbaur.—Here it is assumed
that the vertebrate limb arises from the
primitive fin of the Dipnoan fish. Accord
ingly, in the upper extremity, there is one
main stem and four main accessory rays.
The main stem accounts for the humerus,
ulna and the metacarpal and phalanges
to the fifth finger. The first accessory ray
gives rise to the radius, scaphoid, trape
zium and thumb metacarpal and phalanges.
The second, third and fourth rays give
rise to the index, middle and ring fingers.
Congenital absence of the radius is thus
explained by suppression of the first acces
sory ray; hence the associated anomalies
of the thumb.
According to Lewis, in 1901,13 the arm
buds develop in the third week of fetal
life; the ulna and radius are already
differentiated as cartilaginous masses by
the fifth week. The shafts are fully ossified
at birth. Any suppression of the first ac
cessory ray is therefore most likely early
in fetal life, possibly between the third
and fourth week. When the thumb is
normal, the deformity is then tentatively
explained as a fusion of the bones of the
forearm rather than a suppression of the
first ray. This theory offers no explanation
for the defects often found in the clavicle
and scapula.
2. Extraneous theories.—The amniotic or
“mechanical” theory of Dareste in 18824
blames extraneous compression in utero.
This has some support in that congenital
anomalies have been reproduced experi
mentally by exerting some pressure on the
chick embryo. The suppression has to be
exerted so early in fetal life (between the
third and fifth week) that it is hard to
imagine any mechanical factor consistently
causing similar defects in four children in
one family. Similarly, this theory would
be hard put to explain bilateral cases.
Deficient diets in rats have reproduced
various congenital anomalies. Warkany
et al.27 in 1943, showed radiographs of rats
which looked very much like those from
cases of absent radii. However, these ex-
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Fig. 4.—Bilateral absence
of radius. In bilateral cases
the absence of the radius is
usually complete on both
sides.

traneous theories may be inadequate in
explaining the rare cases found in succes
sive generations.
Whatever the cause, it must be active
in utero early in the life of the embryo,
and there may be inherent as well as ex
traneous factors.
M

eth o d

o f

T

r e a t m e n t

Any treatment of this condition should
(a ) improve the appearance, (b ) improve
the function, and (c ) encourage growth.
The correction obtained should persist, and
further normal growth of the limb should
not be impaired. To achieve these goals
there are three definite surgical steps: (1 )
correct the deformity of the hand; (2 )
maintain the correction; (3 ) improve the

A .H offa

B. B a r d e n heuer

C. R o m a n o

I. A n t o n e l l i
E.W. R y e i s o n

R H. S a y r e

F.H A l b e e

D EStarr

Fig. 5.—The operations performed for this con
dition. Many are now of historical interest only.

function of the hand, e.g. by pollicization
or tendon transplants. Conservative ther
apy ( manipulation, casts, splints) is useless
without surgery, but is a necessary adjunct.
A brief review of the previous operations
used for this condition will illustrate the
difficulties of treatment and the evolution
of the present method of treatment (Fig.
5 ).
Originally a tenotomy was thought to
be adequate. This was insufficient because
of the bony anomalies involved—the absent
radius, the deficient carpus on the radial
side, and the curve of the ulna. Hoffa
(19 0 2 )13 therefore combined the tenotomy
with an osteotomy of the ulna. Romano
in 189421 combined the procedure with a
wrist fusion. Sayre (18 9 4 )22 performed a
similar operation; he fixed the hand on the
ulna by excising the central row of carpal
bones and wedging the sharpened distal
end of the ulna into the carpal gap. Ex
perience then revealed that a bony strut
of some kind should be inserted on the
radial side of the ulna to replace the
radius. Otherwise, the deformity of the
hand eventually recurs.
In 1894 Bardenheuer,3 and, in 1912,
Tubby2® devised the procedure whereby
the distal end of the ulna was split longi
tudinally into radial and ulnar segments.
A carpal bone was impacted between these
segments, to keep them apart distally, as
a letter “Y”. The hand was fixed in this
corrected position.
Antonelli in 1905,2 and later Ryerson,
split the whole ulna longitudinally and
interposed muscle. The difficulty in using
the complete ulna is that it is often severely
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Fig. 6.—Postoperative ra
diograph after soft tissue
release on the radial side of
the wrist. A Kirschner wire
is temporarily used to main
tain the correction.

curved. For that reason, Albee in 19281
first performed an osteotomy of the ulna.
To replace the radius, he then used a free
tibial graft and fixed it proximally to the
midshaft of the ulna. Radial deformity
often recurred with growth of the ulna,
but not of the tibial graft. To correct this
disadvantage, Starr in 194523 used a dif
ferent type of graft—the proximal end of
the fibula with its epiphysis. He hoped to
obtain a new “radius” which would grow
with the ulna. The proximal end of the
fibula was anchored into a notch in the
ulna and fixed with pins and screws. He
reported growth in these transplanted
fibulas. This “growth”, however, may repre
sent the head of the fibula which later
ossified. This will show as a radiological
increase in the length of the transplanted
fibula without actual growth in that bone.
Growth in a transplanted epiphysis was
reported by Straub in 1929,24 in a patient
with a 16 year follow-up. Heller in 1914,11
and Fohl in 1929,6 from experimental work
suggested that such growth was possible.
Haas,9 however, repeated the experiments
on two occasions (1915, 1931), but could
never obtain growth in free epiphyseal
plate grafts.
It appears that if the blood supply is
completely interrupted, as in any free graft,
the epiphyseal plate will die and will not
grow after transfer. An epiphysis, however,
should continue to grow if it is transferred
as a living graft. It should not be damaged
in the process and its blood supply should
be maintained. In order to preserve that
blood supply it may be profitable to trans

fer the epiphysis as part of a compound
pedicle graft. A similar type of graft was
described by Farmer in 1952,5 in the treat
ment of pseudarthrosis of the tibia. Child
ren can withstand the awkward position
well. Another reason for operating early
in life is that a young epiphysis has a
greater tendency to grow after transplanta
tion.
Riordan in 195519 stressed early surgery.
He used a fibular graft in a patient 6Vo
months of age; preliminary treatments had
been started at 10 days of age. He first
performed a radial soft tissue release.
Recause he operated on younger patients
this soft tissue release did not seem as
radical as was deemed necessary by most
surgeons. He then positioned the hand over
the ulna and maintained the correction
with Kirschner wires. When necessary, the
ulna was osteotomized. He later used
Starr’s fibular graft to preserve his correc
tion. The hand was not fused to the distal
end of the fibula. This could be done when
no further growth was expected at the
wrist. It would provide more stability and
sacrifice little movement.
R eview of C ases at the
H ospital for Sick C hildren

Between 1941 and 1955, 11 cases have
been seen at the Hospital for Sick Children.
The deformity was found bilaterally in
50% of the cases; when it was unilateral,
the right side was affected much more
frequently, the ratio being five to one. The
absence of radius was usually complete.
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When a fragment was present, it was
always the proximal one. There was an
anomaly of the thumb in all cases, with
complete absence of the thumb in nine
cases. There was an associated distant con
genita] defect in four cases.
The treatment, still incomplete in many
cases, has been varied. This illustrates well
the complexity and individuality of the
problem. Each case is different; factors
which will change the whole nature of the
problem are varied—presence of the de
formity on one or both sides, degree of
deformity, absence of the thumb, remain
ing function of that extremity, presence of
other congenital anomalies, and so on.
General considerations such as age, sex, and
individual adjustment to the anomaly will
influence the type of treatment. There can
be no standard surgical procedure for this
condition; each patient must be evaluated
individually and treated accordingly. How
ever, review of the literature and of our
cases permits certain conclusions.
1. Treatment should be instituted shortly
after birth. The optimal time is probably
before one year of age. The curve of the
ulna and the skin deficit on the radial side
are both aggravated by growth of the ulna
in untreated cases; the deformity is gradu
ally accentuated by muscle contraction
pulling the hand to the radial side. In
these respects the deformity is progressive;
the longer one waits, the more difficult
the procedure.
There may be a parallel situation in cases
of congenital absence of the fibula. Thomp
son25 recently stressed the importance of
early excision of a fibrocartilaginous band,
presumably the remnant of the absent
fibula. If left intact, it has a deforming,
bowstring-like effect on the tibia. It
encourages further bowing as the tibia
gains length.
A similar tethering band was encountered
in a patient with an absent radius. On
transection, there was an immediate in
crease in the range of passive correction.
It is probable that a fibrocartilaginous
remnant of the radius is present more
frequently than has been suspected. Such
a deforming structure will be sought in
future cases. It is a further argument
favouring early surgery for this condition.
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2. Two surgical procedures are involved
to correct the deformity and to maintain
this correction: radical soft tissue release,
and provision of a bony substitute for the
absent radius. The first requisite is a good
repositioning of the hand over the ulna.
This usually requires a separate surgical
procedure. It entails a radical soft tissue
release; all structures on the radial side
of the wrist, except the vessels, nerves and
tendons to the fingers, are cut. With in
sufficient skin on the radial side of the
wrist, Z-plasty manoeuvres, free skin grafts
and pedicle rotation flaps from the ulnar
side have been used in eight cases. The
correction was usually maintained by a
Kirschner wire inserted through the third
metacarpal bone into the ulnar shaft
(Fig. 6).
Once the deformity has been corrected
a bony substitute for the absent radius is
essential to maintain the correction. On

Fig. 7.—Modified Bardenheuer procedure. The
lower end of the ulna is split longitudinally, and
the fragments are kept apart by a piece of auto
genous iliac bone.
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men choose to hide the limb in the shirt
sleeve. The absence of the thumb may be
the most crippling part of the deformity.
The thumb is expected to account for ap
proximately 40% of the function in a
normal hand, and perhaps much more in a
clubbed hand—hence the value of pollicization of the index finger. This finger is
frequently abnormal; its musculature is
deficient; it is usually stiff and almost use
less. After pollicization it provides a firm,
useful post against which the other fingers
can operate efficiently. This is particularly
true of the little finger. Arising from the
main stem ray it is usually free from
Fig. 8.—Pollicized index finger. The procedure
anomaly. Its hypothenar muscles are intact.
is indicated in bilateral cases. The cosmetic ap
The range of movement and power are
pearance of the hand, however, makes its indi
greatest in the little finger. Indeed, without
cations doubtful for a unilateral deformity.
training or surgery, many of these children
one occasion the ulna was shortened to attempt to use their little finger as a thumb.
solve the problem of the radial soft tissue In bilateral cases, they often cross their
deficit. This is not commendable, as the hands to facilitate the use of that finger
extremity is already short. This particular as a thumb.
In our bilateral cases, with absent
patient now has five inches (12.5 cm.)
of length discrepancy at 14 years of age. thumbs, one side only has had a polliciza
An osteotomy of the ulna is at times neces tion. In unilateral cases, however, polli
sary to correct the curvature which can cization may be unnecessary; the arm is
shorter and is invariably used as a holding
contribute to the deformity.
hand.
A further argument against polliciza
The radial carpus is also defective and
the tendency to recur is marked in this tion in unilateral cases is the cosmetic
deformity. In all our cases the functional appearance of the hand: a hand without
result so far has been acceptable. However, a thumb may easily go unnoticed, but not
where the follow-up has been long enough, a pollicized index finger (Fig. 8).
Whether the pollicization should be done
some deformity has recurred. It has re
curred in spite of wrist fusions, ulnar before or after the correction of the hand
osteotomies and adequate soft tissue re deformity is also debatable. Restoring the
lease. The only step which seems to main hand over the ulna improves its function
tain correction is a growing bone graft greatly. It may be easier to determine the
which will partially substitute for the advisability of a pollicization after such
radius. Starr’s fibular graft seems sound. improvement has been obtained. In four
Bardenheuer’s longitudinal split of the ulna of our cases, pollicization was done as a
has been performed on two occasions in first procedure. The functional results have
this hospital (Fig. 7). Care should be taken been good.
to preserve the blood supply to the ulnar
Summary
epiphysis so that growth will progress
equally in both segments. Iliac crest bone
The incidence, pathology, etiology and
was preferred to a carpal bone (as origin
treatment of the clubbed hand have been
ally suggested) as interposition material
reviewed. Treatment varies, but certain
between the two halves of the ulna.
conclusions bear repetition:
3. A third consideration regarding treat
1. Because each patient is different the
ment is almost a philosophical one; it deals authors believe that cases should be indi
with function. Because of the decreased vidually assessed.
length of the whole arm, the result of
2. Operation should be performed early
treatment will not be perfect; indeed, some in life.
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3. Soft tissue correction on the radial
side should be radical, particularly if opera
tion has been delayed.
4. The radius should be replaced by a
bony strut, preferably a growing one, in
order to prevent recurrence.
5. Pollicization, although it does not
attack the club hand deformity proper, is
part of the surgical armamentarium.
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R esume
L’absence congenitale de radius la plupart du
temps est associee a une main bote et a un
raccourcissement relatif de 1’avant-bras. La main,
petite et radiopalmaire, montre souvent une aplasie
du pouce, et les doigts presentent frequemment
une anomalie dans 1’apparence ou la fonction.
Cette difformite, communement bilaterale, survient une fois par quelque 30,000 naissances.
Depuis la description princeps de Petit en 1733,
274 cas ont ete decrits. La communication actuelle
en rapporte 11 cas vus a l’Hdpital des Enfants
Malades de Toronto. Neuf d’entre eux sont encore
sous traitement. Cette affection peut revetir un
caractere familial; dans un des cas de Toronto,
l’enfant, la mere, une tante maternelle et le grandpere maternel en etaient atteints. L ’absence de
radius peut etre complete ou partielle; dans le
dernier cas l’extremite distale est celle qui manque
habituellement. Le cubital est souvent retreci et
incurve vers le radius. Le carpe est rarement
complet, l’innervation est normale. mais la dis
tribution des vaisseaux de 1’avant-bras peut etre
modifiee et les anomalies musculaires sont frequentes. Le traitement se propose trois buts:
ameliorer l’apparence, ameliorer la fonction et
permettre la croissance. L’acte chirurgical s’etablit
en trois stages: correction de la difform ite de la
main, persistance de cette correction et ameliora
tion de la fonction de la main par creation d’un
pouce ou transplantation de tendons. Dans la
serie qui nous occupe la difformite etait bilaterale
dans la moitie des cas; lorsqu’unilaterale elle
siegeait de preference du cote droit. On observa
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une anomalie du pouce dans tous les cas, avec
aplasie totale dans neuf cas et association de
difformites congenitales eloignees dans quatre.
L ’individualisation du traitement produisit une
certaine diversite. En general, cependant, on peut
affirmer qu’il doit etre institue peu apres la naissance et des la premiere annee de vie. Si l’on de
sire corriger l’attitude vicieuse et maintenir cette
correction, il ne faut pas hesiter a creer un relache-

Vol. 1

ment des tissus mous et a instituer un remplacement osseux du radius. L ’absence de pouce peut
etre la partie la plus importante de cette infirmite; il importe done de creer un pouce au moyen
de l’index, au moins d’un>cote dans les atteintes
bilaterales. Cette mesure n’est peut-etre pas necessaire dans les affections unilaterales. On proceda
a cette intervention avec succes tot dans le traite
ment de quatre cas.

ALL PLASTIC VENTRICLE-TYPE PUMP WITH TRISCUSPID VALVES'*
ERIC C. ELLIO T, M.D., B .S c.(M ed .)t and JOHN C. CALLAGHAN, M.D., F.R .C.S.fC],

Edmonton, Alta.

I n b e c e n t y e a r s the heart-lung machine
has been used as an adjunct in open-heart
surgery. Many reports in the literature
have appeared describing various aspects
of the different pump oxygenators.1'5 No
articles in the available literature have been
noted that deal solely with the pump units
of heart-lung machines.
Blood pumps which avoid the inclusion
of valves in the lumina, such as the DeBakey roller-type pump,® and the multiplefinger Sigmamotor pump,7 have been
widely adopted. This could be due to a
fear that valves may cause undue blood
trauma or that pumps without valves have
less likelihood of breaking down.
Blood pumps utilizing ball valves and
rubber siliconized ventricles have been
developed,8 and a modified Dale-Schuster
pump with two valves in it has been de
scribed.9 A variety of methods of pumping
blood in conjunction with heart-lung
machines have therefore been employed.
The present report describes the develop
ment of a plastic tricuspid valve, and a
ventricle-type pump. Evidence is presented
"From the McEachern Cancer Research Labora
tory and Department of Surgery, University of
Alberta, Edmonton, Alberta. Presented at the 12th
Annual Meeting of the Western Regional Group
Division of Medical Research Council of Canada,
Banff, February 1958. Aided by grants from
National Research Council of Canada 623-589 and
Canadian Life Insurance Medical Fund,
tCanadian Life Insurance Medical Fellow.

to indicate that blood damage by this
plastic pump is minimal. Pumping blood
by the Sigmamotor pump has been used
as a control method.
In the meantime, a moulded plastic tri
cuspid valve for experimental aortic valve
replacement has been reported by Roe and
his colleagues.10 The report to follow, how
ever, is concerned with the blood pump
potentials of this type of valve and with
a different approach to the construction
of the plastic valve.
M a t e r ia l s and M eth o d s

Ordinary polyethylene was used to con
struct the plastic valve. The different steps
are illustrated and described in the legends
of Figs. 1 to 5.
Two valves were correctly aligned and
joined by heat-sealing a length of poly
ethylene tube to each valve, which created
the ventricle-type pump, observed in Fig. 6.
An experiment, illustrated in Fig. 7, was
conducted as follows: approximate aliquots
of blood were circulated by the plastic
pump and the rubber pump® for varying
lengths of time (maximum—90 minutes).
The blood was obtained from two sources:
(a ) mongrel dogs of either sex, 16 to 22
kg., were anaesthetized by intravenous
sodium pentobarbital (30 mg. per kg. body
weight) and heparinized (3 mg. per kg.
“The rubber latex contained in the Sigmamotor
pump which was used for the comparison pump
will herein be referred to as the “rubber pump”.

BLOOD PUMP

Fig. 1.—A portion of polyethylene pipe, four
to five inches long with wall thickness of % inch,
was cut in two. Into the lower portion were placed
three wooden forms, the upper ends of which
were shaped so that when polyethylene film was
stretched over them, the film took on the charac
teristic appearance of an aortic valve.

body weight with Connaught Laboratory
heparin), a plastic catheter was introduced
into the femoral artery and the blood
collected in a 1 litre plastic graduate,
and this quantity of blood distributed be
tween the two pumps; (b) two pints of
human cross-matched heparinized blood
were used in Experiments 3 and 5, by
mixing the blood in a 1 litre graduate
and dividing this quantity between the
pumps.
The rubber latex pump was 14 inches
(35 cm.) in length and % inch (1.5 cm.)
in internal diameter and had a wall thick
ness of Vs inch (0.3 cm.). In Experiments
6 and 7 the internal diameter of the rubber
latex was % inch (1.9 cm.). Stainless
steel reducers V2 inch to Vi inch were
used to connect the
inch mayon tubing
to either end of the plastic and rubber
pumps; and in both instances it was neces
sary to use a rubber shim over the stain
less steel connector in order to achieve a
tight connection at the pump ends. The
reservoirs consisted of 2-inch I.D. mayon
tubing strapped to the legs of a table.
The lower ends of the reservoirs were
stoppered with rubber corks. Through two
holes in each of the corks were placed Vi
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Fig. 2.—Three slits were made in the longi
tudinal axis by scalpel blades which were left
in the bottom of the slits, and between the wooden
forms. This caused a slight widening of the slits
so that three small squares of polyethylene film
could be introduced as in the figure.

Fig. 3.—When the film was spread out over
the wooden forms, and the other piece of poly
ethylene pipe brought into its original relation
ship, the tricuspid valve was created in the
central portion of the pipe. The components were
then held tightly in place by two small squares
of wood over which a “ C” clamp was placed.
The extra polyethylene film protruding from the
slits was trimmed back to within % inch of the
exterior surface.
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Fig- 4.—The points where the film projected
were welded with polyethylene filler rod. The
joins were heated with hot nitrogen gas, which
prevented oxidation of the polyethylene; it opened
up the areas slightly as the inset shows, which
necessitated a thick wall for the valve.

to % inch stainless steel connectors, to
which were attached the mayon tubing
from the pump units.
The two pumps were calibrated prior
to the experiment to deliver approximately
1100 to 1200 ml. per minute. The Sigmamotor finger pump was adjusted to the
point where regurgitation did not occur,
and therefore this pump was acting as
an occlusive pump. The rotating cam which
compressed the ventricle of the plastic
pump only partially occluded the walls,

Fig, 5.—Photograph of a used valve, showing a
film of blood on the valve leaflets; it is the view
of the valve that is obtained if the distal side
of the aortic valve is observed.
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and therefore the plastic pump was acting
as a non-occlusive pump.
Samples of blood for the plasma haemo
globin estimation were collected in dry 5
ml. syringes. The plasma haemoglobin value
was determined by the method described
by Crosby and Furth,11 which consisted
chiefly in detection of the plasma haemo
globin by benzidine reagent and then
quantitative measurement by a photo
electric colorimeter, the result being ex
pressed in mg. per 100 ml. of plasma. The
plasma haemoglobin value was used as the
index of haemolysis.
Two experiments were conducted to de
termine the burst point of the polyethylene
film valve. The film was 0.0015 inch
thick. A mercury manometer which would
measure up to 1500 mm. of mercury pres
sure was used to make the test.
R esults

Table I presents the degree of haemoly
sis (measured in mg. of plasma haemo
globin per 100 ml. of plasma) that oc
curred when the amounts of blood stated
in the table were circulated by the plastic
and rubber pumps, approximately at the
rate of 1100 ml. per minute. A great vari
ation in the plasma haemoglobin determina
tions is observed in both pumps. In spite
of this wide range of values, no overlap
is noted at the 30 min., 60 min., and 90
min. intervals. The gross appearance of the
centrifuged specimens showed a visible in
crease in haemolysis in both the plastic and
rubber pump samples, but the effect was
much more noticeable in the rubber pump
samples. This differential increase is also
demonstrated in the mean values observed
in Table I.
In the two experiments conducted to
determine the pressure capacities of the
plastic valves, it was noted that a cusp of
the valve of one pump burst at 1100 mm.
of mercury pressure and the cusp of the
valve of the second pump tested broke at
1300 mm. mercury pressure.
Su m m a r y

and

C onclusions

The construction of a polyethylene tri
cuspid valve has been described. Briefly
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Fig. 6.—The appearance of a pump after two correctly aligned valves have been joined
by a foot length of polyethylene tube with a wall thickness of 1/16 inch. The mayon tubing
and connectors are visible at the end.

Y
*

»

this consisted in introducing film into longi
tudinal slits in one end of a piece of plastic
pipe, spreading the film out over wooden
forms, bringing a second piece of pipe
into contact with the end of the first piece
where the film projected, and then heat
sealing the components together with poly
ethylene filler rod, thus creating the tri
cuspid valve in the lumen of the pipe.
Making use of two of these valves at either
end of a portion of polyethylene pipe, a
ventricle-type pump was made. Interest
was next focused on determining what
blood damage this plastic pump caused,
using the Sigmamotor pump as the control.
After circulation of approximate aliquots
of heparinized blood by the plastic pump
and the rubber latex in the Sigmamotor
pump at the same flow rates for 1 hour
and P/2 hours, considerably less haemolysis
occurred in the plastic pump.
The plastic valve with the cusps 0.0015
inch thick exhibits a reasonable safety
factor (burst point on two occasions being
1100 and 1300 mm. H g).
TABLE I — D e g r e e

of

and

Exp.
No.

Fig. 7.—The above experiment was conducted
in order to determine the amount of hsemolysis
that occurred in aliquots of blood circulated in
the plastic and rubber pump systems. On the
right is the rubber latex tubing enclosed in the
Sigmamotor pump head. On the left is the plastic
pump attached to the base of another Sigmamotor
pump. A brass rotating cam is visible which was
attached to the axle of the variable speed trans
mission of the Sigmamotor pump. It compressed
the plastic pump. The discrepancy of the level of
blood seen in the reservoirs was due to the differ
ence in the priming volumes of the plastic and
rubber pumps, which were respectively 250 ml.
and 75 ml.

H aem o lysis as a R e s u l t o f C ir c u l a t io n o f B lood in P l a s t ic P u m p (P P )
R u b b e r P u m p ( R P ) — M e a s u r e d in mg./IOO m l . P l a s m a .

Plasma hsemoglobin measured in mg. per 100 ml.
plasma
---------— — -------------------------------------------------------------60 Min.
90 Min.
SO Min.
0 Min.
PP

RP

i
2
3
4
5
6
7

4.5
3.9
3.3
1.4
16.4
8.3
1.6

6.2
15.1
11.2
8.2
25.6
37.8
13.9

60.5
72.1
57.0
104.7
98.9
221.0
40.7

Mean

5.7

16.8

93.6

PP

RP

PP

Amount in each
pump in ml.
recirc idated

RP

pp

RP

PP

RP

290.0
450.0
450.0
450.0
450.0
240.0
500.0

850.0
1200.0
1200.0
1200.0
1300.0
1200.0
1200.0

1045.0
1200.0
1100.0
1180.0
1300.0
1200.0
1200.0

404.0

1160.0

1175.0

16.7 167.5
36.1 359.8
50.6 195.4
12.0 244.3
31.9 198.9
76.8 267.6
22.7
80.8

32.3
43.7
80.3
25.6

307.1
267.6
344.4
110.5

500 0
450.0
450.0
490.0
450 0
375 0
545.0

35.3

45.4

257.0

466.0

216.0

Flow rate of each
pump in ml.
per min.
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Under the experimental conditions de
scribed, and in view of the absence of any
marked degree of haemolysis ( as evidenced
by plasma haemoglobin values) in any of
the plastic pump experiments, and the rela
tively small quantity of blood re-circulated
in proportion to the flow rates used, it is
concluded that such a plastic pump in
corporating plastic tricuspid film valves
merits further investigation as a potential
atraumatic blood pump.
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R esum e
L ’auteur decrit le precede de fabrication d’une
valvule cardiaque artificielle a l’aide de poly
thene. II part d’un tube de plastique de 1.9 cm
de diametre dont la paroi a 3 mm d’epaisseur;
il y introduit trois supports de bois en coins de
cylindre de 120° chacun et dont les extremites
sont taillees en arcades de maniere a imiter les
valves d’une valvule aortique ou tricuspidienne
vue du ventricule (Fig. 1 ). Ces bois Douchent
completement la lumiere et conferent au tube
la rigidite necessaire aux operations suivantes.
Trois echancrures sont ensuite pratiquees de part
en part dans la paroi du tube a l’endroit ou les
bois se touchent. Une mince feuille (0.4 mm
d’epaisseur) du meme materiau est glissee d’une
fente a l’autre, adjacente a la surface interne de
chaque bois (Fig. 2 ). Les bords superieurs de ces
trois feuilles qui depassent le bout du tube sont
faqonnes sur les extremites des bois. Un autre
bout de tube de polythene du meme calibre est
appose a celui qui contient la valvule (Fig. 3)
et le tout est solidement soude au plastique en
fusion (Fig. 4 ). Une fois les bois enleves, les
trois feuillets se trouvent disposes en nid de
pigeon reproduisant assez fidelement l’anatomie
d’une valvule (Fig. 5 ). Un tel mecanisme a
chaque extremite d’un tube de plastique maleable
d’environ 35 cm de long permet de constituer
un ventricule artificiel (Fig. 6 ). L’experience a
prouve qu’un sang heparine propulse par un tel
systeme pendant 60 ou 90 minutes subit une
hemolyse beaucoup moins considerable que celle
qu’on observe lorsqu’un meme sang est soumis
aux systemes a tubage de latex employes jusqu’a
present. La robustesse de l’appareil lui permet
d’atteindre une pression variant de 1100 a 1300
mm de Hg avant que les feuillets ne cedent. Les
avantages que lui conferent son materiau et sa
conception semblent reserver a cet appareil une
place importante dans la circulation extra-corporeale.
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CEREBRAL ARTERIOVENOUS ANEURYSMS:
SURGICAL MANAGEMENT
DWIGHT PARKINSON, M.D., F.R .C .S.[C ],“ W innipeg, Man.
I ntroduction

Two centuries ago William Hunter de
scribed the cerebral arteriovenous aneur
ysm.4 Successful surgical treatment began
in 1936,1 when Olivecrona first demon
strated that the lesions could be removed
without the prohibitive mortality rate pre
dicted by both Cushing2 and Dandy.3
T erm in ology

Unlike the traumatic arteriovenous fis
tulas with an entering and leaving artery
and an entering and leaving vein, the con
genital malformations herein discussed
have only three abnormal components; the
feeding arteries, the shunt, and the drain
ing veins. The feeding arteries and the
draining veins are thought to be abnormal
in size, tortuosity and calibre only be
cause of the shunt. Thus it is important
to consider the shunt as the essential part
of the entire malformation; any term ig
noring this feature should be discarded.
The terms “arteriovenous malformation” or
“arteriovenous aneurysm” are preferable.
M aterial

This paper deals with the clinical, angio
graphic, and operative experience in 12
cases of cerebral arteriovenous aneurysms
operated upon by direct intracranial ap
proach in the Winnipeg General Hospital,
between 1953 and 1956.
G eneral F eatures

The local physical findings—enlargement,
increased warmth, venous engorgement,
distal oedema and bruit—considered to be
characteristic of arteriovenous fistulas in
other extremities are notably lacking in the
cerebral cases. Although bruit is reported
in a high percentage of intracranial arterio
venous aneurysms, it was not evident in
any of the present series although sought
“Department of Surgery, Faculty of Medicine,
University of Manitoba, Winnipeg.

by several observers, both before and after
the lesion had been demonstrated angiographically. Apparently the congenital ar
teriovenous aneurysm does not always pre
sent to the stream of blood a sufficiently
abrupt change of calibre to produce a
bruit. The carotid vessels on the side of the
lesion were never demonstrably enlarged.
The systemic changes — low diastolic
pressure, high pulse pressure, tachycardia
and cardiac enlargement—often associated
with arteriovenous fistulas elsewhere were
not evident in these cases. All patients
were normotensive.
P reo perative A ngiographic F eatu r es

Stereoscopic lateral views with four ex
posures in each set were taken, followed
by three antero-posterior exposures, all at
one-second intervals.5
Angiographically the lesions appear to
be a worthless escape, shortcircuiting the
blood from its normal channels of greater
resistance. Most of the contrast medium
syphons towards and through the shunt at
the expense of the normal vessels of the
head. The feeding arteries and the shunt
itself are visualized before other vessels
at comparable distances from the carotid.
The vein draining the lesion fills before
the venous channels draining normal cere
brum. The final exposure of any series may
show nothing of the malformation, while
the rest of the circulation is still being visu
alized in the late arterial or early venous
phases.
The stereoscopic views enable one to
visualize and consider separately the three
components of these malformations, the
arterial supply, the shunt, and the draining
veins.
The arterial supply exhibits one constant
feature of great importance to the surgeon.
The terminal artery or arteries entering
the shunt do not supply anything else. The
unbranched segment to the shunt may be
only one or two millimetres in length, but
more often it is a long tortuous vessel
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C a s e 1 .— P reo p erative
a n te ro -p o ste rio r

C a s e 1 .— P re o p e ra tiv e left late ra l

Fig. 1.*—Left posterior cerebral artery; to parietal occi
pital shunt; to straight sinus.
Postoperatively: complete obliteration of shunt, no filling
of draining vein.

leading from a main trunk to the shunt.
These arteries of greater or lesser length
and tortuosity which feed the shunt and
nothing else are best termed final feedin g
arteries. These final feedin g arteries, usually
single and rarely more than three in num
ber, proceed without diminution of calibre
and sometimes with an increase of calibre
to enter the shunt, often at the deepest
portion.
The parent trunk giving rise to the final
feed in g artery is often enlarged and tortu
ous but gives off other vessels of normal
calibre which go beyond the shunt and
supply brain substance. The shunt itself is
occasionally diffuse in appearance with
several seemingly small centres, but more
frequently it is a single discrete core of
unevenly meshed vessels of irregular cali
bre.
“The author is greatly indebted to the medical
artist, Miss Nancy Joy, for her painstaking work
in producing these drawings. They are made in
most instances as a composite from the serial films
in order that the arterial phase and the venous
phase may appear simultaneously. The smaller
normal branches have been omitted in all cases
to avoid obscuring the details of the pathologic
connections.

C a se 1 .— P o sto p e rativ e left lateral

The draining veins pursue a very tortu
ous course with large but fairly uniform
calibre to enter a major sinus. There are
usually only one or two of these draining
veins, but the tremendous looping some
times gives the appearance of many more.
In each case in the current series there
was only a single draining vein. The drain
ing vein apparently received no tributaries
after leaving the shunt.
Both the feeding arteries and the drain
ing veins add deceptively to the apparent
size of the shunt.
P ostoperative Angiographic F eatures

Very striking changes appear postopera
tively. The formerly large final feeding
arteries reduce to a more normal calibre
proximal to the point of clipping. The re-
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not removed. The final feeding
arteries were clipped and this com
pletely obliterated any visualiza
tion of the shunt or of the draining
vein.
S u r g ic a l C o n s id e r a t io n s

The key to successful surgical
treatment is preoperative angio
graphic identification of the final
feeding arteries. In planning the
approach, the final feeding arteries,
the shunt, and the draining veins
should be considered as three
separate entities. Knowing the ex
act relationship of the final feeding
arteries to the adjacent normal
trunks and to the angioma, the
surgeon is well armed to approach
these lesions.
The draining veins usually lie
C ase 2.—Preoperative left lateral
on the surface and present a most
Fig. 2.—Middle cerebral artery; to Sylvian fissure shunt;
striking picture with their huge
to vein of Galen. Note also elevation of middle cerebral
calibre and thin walls. A pulsating
arteries secondary to intracerebral clot.
No postoperative angiogram. Note position of clips.
admixture of arterial and venous
blood may be visible in the lumen
sidual segments of the long tortuous drain of the draining veins as it approaches the
ing veins are not visualized at all—addi sinus. There may be a spiralling contrast
tional evidence that these veins receive no between the two colours for the entire
tributaries after leaving the shunt. Com length of the vein. In one case the line
parison of preoperative and postoperative of demarcation between the venous and
films gives the impression that normal cir arterial blood moved back and forth as a
culation is restored to the entire hemi tide with a half-inch excursion with each
sphere. In no case was there evidence of respiration.
residual angioma. In Case 6, in which the
There is usually an obvious point of de
brain stem was involved, the angioma was parture of the large draining vein from the

C ase 2 .—Preoperative
antero-posterior

C a se 2 .—Postoperative left la tera l
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C ase 3 .—Preoperative
antero-posterior
Fig. 3.—Right middle cerebral artery; to occipital
shunt; to transverse sinus. Shunt extended from cortical
surface to lateral ventricle.
Postoperatively: complete obliteration of shunt and
draining vein. Normal filling of other vessels.

depth of the brain. Teasing open the arach
noid at this point of departure reveals a
markedly widened sulcus or fissure which
provides a very considerable exposure
down to the shunt. Through such a widened
sulcus, using gentle suction and retraction,
the shunt is first developed along the sur
face known to provide most immediate
access to the final feeding arteries, keeping
in mind that these arteries will withstand
a normal amount of manipulation whereas
the vessels comprising the shunt are ex
ceedingly friable and withstand manipula
tion poorly. The under-surface of the lesion
is often demarcated by the natural barrier
of a ventricular wall. A recent haemorrhage
may have provided a ready line of separ
ation on one or more boundaries between
the mass and the surrounding brain. The
additional space from removal of such a
clot may allow the surgeon to compress
the lesion between his fingers and thus
greatly facilitate his operative procedure
from then on. Once the final feed in g ar
teries have been clipped and severed, the
blood in the draining vein returns to nor
mal venous colour. The entire shunt be
comes relatively slack and can be gently
rolled from its bed until the draining vein
is left as the only adherent. The draining

C ase 3 .—Postoperative
right lateral

vein is then tied as nearly as possible to
the point of departure from the shunt.
No matter how long and tortuous the
final feedin g arteries or the draining vein,
it is never advisable to resect more of them
than is necessary to remove the shunt. To
do so would be courting unnecessary cer
ebral damage. Removal of the shunt cor
rects the lesion.
If a transected segment of the arterio
venous shunt is left behind, control of
haemorrhage is virtually impossible. Thus
if the mass has been removed and the bed
is dry, the surgeon is assured that removal
has been complete.
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Case 4 .—Preop erative
antero-posterior
C ase 4 .—Preoperative right la teral

Fig. 4.—Anterior cerebral artery; to parasagittal shunt;
to sagittal sinus. Marked shift of anterior cerebral to left
due to large intracerebral clot.
Postoperatively: complete obliteration of shunt; restoration
of normal circulation.

D iscussion

Although these shunts are undoubtedly
congenital, the first indication of their
presence depends on changes which may
require several decades to develop.
Whether these changes are the result of
progressive enlargement, progressive is
chaemia, repeated haemorrhage or some
other factor can only be surmised. The
history in some instances indicates that
haemorrhage is the first harbinger. In others
the evidence is clear that haemorrhage plays
no part, and the mechanism is a periodic
crossing of the convulsive threshold, by
either mechanical stimulation or transient
ischaemia.
There is no evidence that these shunts
exert any systemic or local effect such as
is commonly associated with the arterio
venous aneurysms of other extremities. The
presence or absence of a bruit neither
proves nor disproves the presence of the
lesion. There is no positive diagnosis other
than by angiography.
The course is one of halting progression
to paresis and death with dementia, seiz
ures, and palsies as the stepping stones.
An unknown number of these lesions are
the unrecognized culprits in sudden death
from intracerebral haemorrhage.

C a se 4 .—Postoperative right la tera l

Ligation of the ipsilateral carotid must be
considered a poor choice. This can only
reduce the total available pressure and
volume of blood to the hemisphere. The
shunt will continue to siphon off the ma
jority. Thus carotid ligation may further
deprive the hemisphere and yet not assure
against recurrent haemorrhages. Deep x-ray
has no place in the treatment. Anyone
who has removed one of these shunts and
noted the nature of the deep structures
cannot help but be impressed with the
futility of any treatment which would con
sist of no more than coagulation of the
surface vessels by electric cautery or freez
ing.
Summary

The history, signs and symptoms of cer
ebral arteriovenous congenital aneurysms
have been discussed, with the operative
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experience in 12 surgical cases. In most
instances, given proper preoperative in
vestigation, th ese lesions lend themselves
to com plete surgical extirpation with
preservation and even im provement of the
norm al ce reb ra l circulation.
C a se R e p o r t s
C a s e 1.—A 51 year old male clerk presented
with a frontal headache which had become
increasingly severe over a two-day period
starting December 15, 1955. His neurologic
examination was negative except for moderate
drowsiness. He had haemorrhages in both
retina'. Spinal fluid was grossly bloody and
rose 270 mm. in the manometer. A left carotid
angiogram revealed an arteriovenous shunt in
the left parieto-occipital region.
On December 29, under general anaesthesia
with artificial hypotension maintained between
80 and 90 mm. Hg systolic, the shunt was
completely removed. The patient awoke with
normal speech and movement and remained
so. He was dismissed from hospital on Jan
uary 7, and has returned to his previous job
with no further symptoms.
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headache, diagnosed as “migraine,” by her
friends. She had never consulted a doctor. On
August 15, 1954, while sitting quietly at home
she experienced a violent left-sided headache
followed rapidly by a stiff neck and then
stupor. On examination two hours later she
was completely aphasic with a weak right
face, arm, and leg. Her spinal fluid was grossly
bloody and rose 190 mm. in the manometer.
A left carotid angiogram revealed a shunt
from the left middle cerebral artery to the
vein of Galen lying primarily in the Sylvian
fissure. On August 24, 1954, under general
anassthesia with artificial hypotension between
80 and 100 mm. Hg systolic the shunt was
completely removed together with a recent
clot. Postoperatively she remained aphasic and
weak on the right side, but one week later
had normal movement on the right although
she still missed the occasional key word. By

C a s e 2.—A 21
year old stenographer had
a seven-year history of left-sided recurring

C ase 5.—Preoperative
a ntero-posterior

Fig 5.—Left terminal middle cerebral arteries; to oc
cipital shunt; to sagittal sinus.
Postoperatively: restoration of normal circulation.

C ase 5.—Postoperative left lateral
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Case 6 .—Preo p erative
antero-posterior

Fig. 6.—Posterior communicating artery; to mid-brain
shunt; to great vein of Galen.
Postoperatively: complete obliteration of shunt; no filling
of draining vein; preservation of normal circulation.
October 6, 1954, she and the examiners felt
that her speech was normal. She had returned
to her previous job as stenographer. In March
1954, she stated that she was feeling better
than ever before. She remains so to date and
has had no recurrence of her left-sided
“migraine”.
C ase 3.—On January 1, 1954, a 29 year
old housewife, who considered herself eight
months pregnant, experienced sudden neck
stiffness and then became stuporous. Her spinal
fluid was grossly bloody. She was poorly
oriented but had no localizing neurologic
deficits. An angiogram revealed a right pos
terior parieto-occipital arteriovenous shunt. On
January 9, under general anaesthesia without
hypotensives, the shunt was completely re
moved. The following morning she gave birth
to a full-term 9 lb. 6 oz. female child. On
January 26, 1955, mother and child were dis
missed from hospital both entirely well; they
remain so to date.
C ase 4.—A 21 year old comptometer op
erator experienced a sudden paresis of the
left arm while swimming on August 1, 1953.
Although she called for assistance, her friends
thought she was fooling and she eventually
had to crawl from the water herself, by which
time she was completely paretic on the left.

C ase 6 .—Postoperative left la teral

She lay unassisted on the beach in full view
of her friends and shortly thereafter developed
a severe right frontal headache, nausea and
vomiting. Eventually they came to her as
sistance, realizing she was ill. On examination
two hours later she was quite drowsy with a
marked nuchal rigidity and a complete left
hemiparesis. Her fundi were normal. The right
carotid angiogram revealed an arteriovenous
shunt in the right parasagittal region centring
under the motor strip. A craniotomy was per
formed under general anaesthesia on August
15, 1953, with complete removal of the shunt
and a large fresh clot. Immediately after op
eration she was more alert. Her face regained
normal movement two days later. One week
later her arm regained movement for the first
time. Ten days after this her leg began to
move voluntarily. One month later she was
able to walk unassisted but still has a spastic
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left leg. She has returned to her previous oc
cupation as a comptometer operator, without
additional symptoms.

Case 5.—A 27 year old male accountant
was troubled for two years with episodes of
neck stiffness lasting up to 10 days. For one
month he noticed decreasing vision in the right
homonymous field. Neurologic examination
was negative with the exception of a right
homonymous macula-sparing hemianopsia. A
carotid angiogram revealed an arteriovenous
shunt in the left occipital lobe. At operation
on May 14, 1956, with artificial hypotension
maintained between 80 and 90 mm. Hg sys
tolic, the shunt and a small adjacent clot which
bordered on the ventricle were completely re
moved. The patient was dismissed from hospi
tal on May 22, and had one grand mal seizure
the following day. He has been on anticon
vulsants ever since without any further diffi
culty. He has a residual right homonymous
hemianopsia which is opaque only to a 1 mm.
target whereas preoperatively it was opaque
even to finger movements. He has returned to
his previous job.

Vol. 1

was a complete paralysis of upward gaze as
well as of conjugate left lateral gaze. The left
face was anhidrotic. An angiogram revealed a
shunt in the left midbrain. In July 1953 crani
otomy was performed under general anaes
thesia. The midbrain was approached from be
neath the left temporal lobe along the surface
of the tentorium. Three large arterial feeders
were identified with ease at the point of de
parture from the posterior communicating
artery above the free edge of the tentorium,
and were clipped. Another arterial feeder
coming from below the tentorium was also
clipped as it entered the brain stem in con
junction with the others. Postoperatively the
patient was essentially unchanged. He was
dismissed from hospital on July 30, walking
but with a spastic right leg and minimal move
ment in the right arm. He was speaking but
blocking on the key words. On November
25, speech was considered essentially normal

C a se 6.—An 11 year old boy awakened one
morning with a severe left frontal headache
followed by vomiting, and became comatose
three hours later. On examination in Winni
peg one week later, the child had a complete
right hemiparesis and incoherent speech. There

Case 7 .—Preoperative
antero-posterior

C a se 7.—Preoperative left lateral
Fig. 7.—Left middle cerebral artery; to rolandic
fissure shunt; to sagittal sinus.
restoration of normal circulation; no
filling of draining vein or shunt.

Postoperatively:

C ase 7 .—Postoperative left lateral
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C a s e 7.—A 45 year old housewife
had Jacksonian seizures of the right
arm for eight years. The frequency
increased from three times a month
to three times daily in spite of medi
cation. For the three previous
months the seizures had involved
the right leg as well. Her electro
encephalogram was normal, as were
her neurologic and fundal findings.
An angiogram revealed a large shunt
in the left rolandic area. A crani
otomy was done on October 6, 1955,
under general anassthesia with hypo
tensives maintaining a systolic pres
sure between 70 and 90 mm. Hg.
The shunt was completely removed.
Postoperatively she moved her leg
and spoke normally but had no
movement in the right arm. The
following day she was able to move
her thumb. On the second post
Fig. 8.—Middle cerebral and posterior cerebral arteries;
operative day she became com
to occipital shunt; to sagittal sinus.
Postoperatively: preservation of normal circulation; no pletely aphasic and hemiparetic.
One week later she had return of
filling of shunt or draining vein.
normal leg movement and normal
by his parents and he was walking very well. speech but still had no movement in the
He still had a complete third nerve palsy on right arm. Ten days after this she was dis
the left. In May 1954, he was back in school missed from hospital with good hand move
and considered to be slow in reading but ment although the entire arm remained spastic.
otherwise doing normal work. His right hand She is now doing all her own housework
was still clumsy. In September 1956, he was
although the right arm is considered by the
riding a bicycle and obtained a job taking a
patient to be weaker than the left. Her
paper route on his bicycle. He was doing
satisfactory work in Grade 8. His eye move seizures have been controlled completely with
ments and speech were normal and have re less medication than before operation.
mained so.

C ase 8.—Preoperative
antero-posterior

C ase 8 .—Postoperative left la tera l
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Case 9.— Preoperative
antero-posterior

Case 9.—Preoperative right lateral

Fig. 9.—Middle cerebral artery; to deep parietal shunt;
to internal cerebral vein to great vein of Galen. Also fed
by vertebral system by posterior cerebral. Note tremendous
size of middle cerebral artery from the carotid to the shunt.
Postoperatively: preservation of normal circulation. Note
marked reduction in size of the middle cerebral approaching
the shunt area, also return to normal size of the internal
cerebral vein.

Case 9.—Postoperative right lateral

Case 8.—A 32 year old housewife was in
a taxi and holding her two months old child
when she developed a sudden right hemiparesis and aphasia and then headache. An
angiogram the following day (April 10, 1955)
revealed a shunt in the left occipital lobe. On
April 12, a craniotomy was performed under
general anaesthesia and artificial hypotension
maintaining a systolic pressure between 80 and
100 mm. Hg. The shunt and a large adjacent
fresh clot were removed. Postoperatively the
patient had normal speech and movement im
mediately. Two days later she became partially
aphasic with paresis of the right arm. Seven
days later she regained normal speech and
leg movement but the right arm was still
weak. Approximately one month later the
patient considered herself entirely normal, and
has continued to do her work as a housewife
without additional symptoms.

Case 9.—A 30 year old male janitor ex
perienced sudden pain in the neck followed
by collapse while digging in his garden. He
was hospitalized for one month and recovered.
One month later he had a similar attack and
was again hospitalized for three weeks and
recovered. A month after this recovery he
experienced another attack with a residual
left hemiparesis and dilatation of his left pupil.
He experienced a fourth attack two weeks
later with convulsive movements of the left
arm and leg, after which he became and re
mained comatose. A right carotid angiogram
revealed a shunt from the middle cerebral
artery directly into the internal cerebral vein.
A vertebral angiogram revealed a small con
tribution from the posterior cerebral artery
to the shunt. On the next day, June 18, 1955,
a craniotomy was performed with transcortical
removal of the shunt, none of which presented
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C a s e 10.— P re o p e ra tiv e
a n te ro -p o s te rio r

Fig. 10.—Left middle cerebral artery; to shunt in Sylvian
fissure; to sagittal sinus.
Postoperatively: preservation of normal circulation; no
filling of shunt or draining veins.

on the cortical surface. Postoperatively he re
mained hemiplegic on the left. One week post
operatively he developed a sixth nerve palsy
on the right and his temperature rose to 102°F.
He gradually recovered from this state with
no specific therapy. One month later he was
able to walk without assistance. Four months
later he was working as an elevator operator
and six months later back at his previous job
as janitor. He remains clumsy with his left
hand but is otherwise quite normal. He is
unable to run but walks satisfactorily without
the usual spastic hemiparetic gait. He has had
no recurrent attacks of headache.
C ase 10.—A 15 year old schoolboy became
progressively weaker on his right side while
washing his face in the morning. He came
downstairs to his parents, by which time he
was incoherent. Within less than an hour he
was completely aphasic and shortly thereafter
could not be roused. His spinal fluid was
grossly bloody. An angiogram three days later
revealed a shunt in the left Sylvian fissure.
At craniotomy on May 1, 1952, 10 days from
the onset, the shunt was completely removed
together with a fresh clot of approximately
25 c.c. adjacent to the shunt deep in the Sylvian
fissure. Artificial hypotension was maintained
at between 80 and 90 mm. Hg during the

C a se 10.— P o sto p e ra tiv e left la te ra l

actual removal of the shunt. Speech returned
on the third postoperative day. One week
postoperatively the patient was able to write
words that were dictated to him but could
not write spontaneously. Six months later the
boy was back in school maintaining his place
in the class. One year later his neurologic
examination was considered negative except
for failure to detect objects in the right visual
field if presented simultaneously with objects
on the left. His fields were full on perimetric
testing to a 1 mm. target. He had one grand
mal seizure postoperatively but has had none
since and is not on medication.
C ase 11.—A 26 year old miner had suffered
a grand mal seizure one year previously and
a second grand mal seizure one week before
admission to hospital. His neurologic examina-
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C a s e 11 .— P re o p e rative
ante ro -p oste rior

C a s e 11 .— P re o p e ra tiv e left lateral

Fig. 11.—Left anterior and middle cerebral arteries; to
deep frontal shunt; to sagittal sinus.
Postoperatively: preservation of normal circulation; no
filling of draining vein.

tion and his electroencephalogram were both
entirely negative. An angiogram revealed a
large shunt in the left frontal area. On Octo
ber 26, 1956, under general anaesthesia the
shunt was completely removed. There was no
adjacent clot. The patient has been normal in
all respects ever since the operation. He is
back at his previous job and has had no fur
ther seizures. He is not on anticonvulsants.
C ase 12.—An 81 year old male clerk was
in hospital because of a bladder tumour.
One week after the bladder operation he
developed a sudden pain in his right eye with
lid ptosis. This pain gradually subsided but
the ptosis persisted and one week later he had
a grand mal seizure. An angiogram revealed
a shunt from the left middle cerebral to the
vein of Galen. On June 11, 1956, with artificial
hypotension between 70 and 90 mm. Hg the
shunt was completely removed. The patient
was awake, talking normally and moving all
extremities two hours after operation. Two
weeks later he developed fever and respiratory
symptoms and died two days thereafter.
Autopsy revealed lobar pneumonia and a
basilar meningitis.
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R esu m e
Les anevrysmes arterioveineux cerebraux ne
comprennent que trois elements anormaux contrairement aux fistules arterioveineuses traumatiques, a savoir: l’artere nourriciere, la communi-
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C a se 1 2.— P re o p e ra tiv e
a n te ro -p o s te rio r

Fig. 12.—Left middle cerebral artery; to parieto-occipital
shunt; to lateral sinus.
Postoperatively: preservation of normal circulation; no
filling of draining vein.
cation merne et les veines qui la drainent. Le
court-circuit en forme l’element essentiel; on doit
se le representer comme une malformation ou un
anevrysme arterioveineux plutot que comme une
fistule. L’auteur fait part de son experience de
douze cas d’anevrysmes arterioveineux eerebraux
operes par voie d’abord intracranienne directe, a
l’hopital general de Winnipeg entre 1953 et 1956.
Les signes caracteristiques d’une fistule arterioveineuse tels qu’on les trouve dans les membres
n’existent pas dans les cas eerebraux. Ainsi aucun
bruit ne put etre pergu dans aucun des cas de la
presente serie et les arteres carotides du cote de
la lesion ne montrerent aucune augmentation de
calibre. Les autres signes cardiovasculaires manquaient egalement.
Le diagnostic fut pose a l’angiographie; des
projections stereoscopiques permirent au chirurgien
de situer et d’examiner separement les trois ele
ments de cette malformation. Le tronc arteriel qui
se rend a la communication n’irrigue aucun autre
territoire; on devrait nommer ces vaisseaux ar
teres nourricieres terminales. La communication
elle-meme peut quelquefois sembler diffuse; le
plus souvent elle ne presente qu’un lacis de vais
seaux de calibre irregulier. On trouve habituellement une ou deux veines tortueuses qui drainent
cette malformation directement dans un des
grands sinus sans recevoir d’autres tributaires.
L ’angiogramme post-operatoire montre les arteres
nourricieres terminales revenues a un calibre plus
normal, une fois les agrafes posees, alors que le
reste de la malformation n’apparait plus du tout.
La comparaisson des plaques pre-operatoires et
post-operatoires suggere qu’une circulation normale
a ete retablie dans l’hemisphere entier.
La cle du succes dans le traitement chirurgical
de ces lesions se trouve dans 1’identification pre-

C a s e 12.— P o s to p e r a tiv e
left la te ra l
operatoire des arteres nourricieres terminales sur
1’angiogramme. Les veines courent habituellement
a la surface et leur point d’origine des profondeurs
du cerveau est souvent facile a reperer. Une fois
1’arachnoide ouverte on decouvre une scissure qui
pennet un bon apergu de la lesion. Par succion
delicate et retraction des bords de la scissure la
communication est exposee jusqu’aux arteres nour
ricieres qui sont alors fermees et coupees. Le reste
de la lesion s’affaisse et peut etre souleve de son
lit de sorte que les veines deviennent pretes a
etre ligaturees. Les arteres autant que les veines
doivent etre coupees le plus pres possible du collet
de la lesion.
Meme si ces communications sont indubitablement congenitales les signes de leur presence
peuvent prendre des annees a se manifester.
Quelquefois e’est une hemorragie avec paralysie
soudaine; d’autres fois ce sont des acces comitiaux
periodiques. La lesion evolue irregulierement vers
la paralysie et la mort. La ligature des carotides
ou la radiotherapie ne doivent pas etre employees.
L’auteur appuie son dire sur des faits cliniques
tires de ses douze cas.
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THYROIDE LINGUALE:
EXPOSE D UNE TECHNIQUE D’EXCISION
JACQUES TURCOT, M.D., F.R .C.S.[C ], Quebec, P.Q.
D a n s u n t r a v a il a n t e r ie u b , une compil
ation des cas de pathologie du tractus
thyroi'dien, vus a l’Hotel-Dieu de Quebec
de 1946 a 1956 a donne le tableau suivant:
fistules thyreoglosses 26; kystes thyreoglosses 19; thyroi'de aberrante laterale 1;
thyroi'de aberrante thoracique 1; thyroides
linguales 3; total 50.
Cette frequence de 3 cas de thyroides
linguales n’est pas tres considerable, mais
tout de meme significative de l’importance
de connaitre cette malformation afin de la
bien traiter.
L ’ectopie thyroidienne linguale pose une
indication operatoire, surtout s’il s’agit
d’une ectopie totale, c’est-a-dire lorsque
toute la thyroi'de est ectopique, alors qu’il
n’y a eu aucune descente des ebauches
thyroidiennes vers la region cervicale. Dans
ce cas l’exploration chirurgicale du cou ne
permet que de constater l’absence de la
thyroide a sa position normale. II est necessaire d’enlever ces thyroides linguales en
raison des troubles de compression ou d e 
struction buccale qu’elles causent (Fig. 1).
II y a aussi des troubles de lelocution et
il peut meme arriver que cette thyroide
ectopique devienne pathologique par developpement d’un adenome thyroi'dien1
(Fig. 1) et meme d’une neoplasie maligned

Fig. 1.—Thyroi'de linguale, porteuse d’un adenome.

Une revue des divers precedes utilises
par les chirurgiens pour exciser cette ec
topie thyroidienne est tres interessante et
instructive:
A. La premiere voie d’abord utilisee a
naturellement ete la voie orale. L’ouverture maximale de la bouche permet de voir
tres bien la tumeur thyroidienne a la base
de la langue; cependant les essais d’excision par cette voie ont apporte des com
plications serieuses d’hemorragies et d e 
struction des voies respiratoires au cours
de Foperation. Afin d’augmenter le champ
operatoire des incisions de la joue ont ete
preconisees et meme des sections du maxillaire inferieur. Ces manipulations mutilantes et anti-esthetiques n’ont pas apporte
la vraie solution a ce probleme de thyroidectomie linguale.
B. Les pharyngotomies anterieures et
laterales furent ensuite utilisees avec plus
de succes. La pharyngotomie trans-hyoidienne a Favantage de permettre une bonne
dissection bilaterale de la glande thyroide,
mais par contre cree une solution de con
tinuity de la muqueuse buccale qui peut
entrainer des infections et un pharyngostome. Ces raisons ont incite Ward3 a opter
pour une pharyngotomie laterale sousmaxillaire; technique qui present de plus
Favantage, pour le chirurgien general, de
se pratiquer a travers une region familiere
au point de vue anatomique. Neanmoins,
comme il s’agit d’une incision laterale, le
fait demeure que la dissection de la thyroide du cote oppose sera plus difficile et
pourra entrainer des difficultes d’hemostase, suivie d’oedeme post-operatoire.
Ces diverses raisons nous ont decides a
choisir la voie trans-hyoi'dienne pour Fexcision d’une grosse thyroi'de linguale1 qui
genait la deglutition et lelocution de la
patiente. Afin d’eliminer les risques d e 
fections et de fistules post-operatoires,
nous avons cru possible de realiser une
thyroi'dectomie linguale sus - hyoi'dienne
extra-muqueuse; c’est-a-dire sans inciser en
aucun point la muqueuse buccale au cours
de Fintervention.

THYROIDE LINGUALE
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3. Le troisieme temps de cette technique
comporte l’incision verticale sur la ligne m e
diane des aponevroses superficielles et moyennes, et de la membrane thyro-hyoldienne. L ’os
hyoide se trouve alors facilement identifiable;
il est sectionne avec la pince de Liston en son
centre et les deux segments lateraux sont
ecartes en entrainant avec eux les muscles sus
et sous-hyoidiens. L ’incision mediane est
portee plus profondement a travels la masse
musculaire sus-hyoidienne et linguale et rapidement la glande thyroide aberrante est visualisee.
4. L a dissection totale ou sub-totale de la
glande thyroide est entreprise. Pour ce faire
l’index gauche est introduit dans la bouche
jusqu’a la base de la langue (Fig. 3 ) ou il
servira de guide a la dissection. Il est alors
possible de diver la thyroide sans leser la
muqueuse, car il existe un plan celluleux separant la muqueuse de la thyroide.

Fig. 3.—Dissection.

T echnique
1. Incision: L ’incision (Fig. 2) est en forme
de T renverse. Une premiere incision transversale est faite au niveau de l’extremite
superieure du cartilage thyroide; incision dont
les deux extremites laterales atteignent a peu
pres la projection du sterno-cleido-mastoidien.
Se greffant sur cette premiere incision a la
ligne mediane, une deuxieme incision se prolonge vers la pointe du menton, mais s’arrete
a 2 ou 3 centimetres du maxillaire inferieur.
2. Les lambeaux ainsi dessines sont disseques en comprenant la peau, le pannicule
adipeux et le peaucier du cou. Ces lambeaux
sont rabattus de chaque cote et maintenus par
l’ecarteur a griffes ou encore par l’ecarteur a
goitre de Beckman. Les plans profonds apparaissent alors: l’aponevrose cervicale superficielle et les muscles sous-hyoidiens a la partie superieure. Les deux zones etant separees
par un tissu blanchatre aponevrotique qui recouvre l’os hyoide. De chaque cote de la ligne
mediane, l’on peut distinguer les veines jugulaires anterieures qui courent de haut en bas
sous l’aponevrose superficielle du cou.

Fig. 4.—Microphotographie montrant la thyroide
linguale, et la limite de 1’adenome.

c;l:

Fig. 5.—L’ablation de la thyroide linguale par
voie sus-hyoidienne.
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5. Apres 1’extirpation de la glande, les
muscles linguaux sont rapproches sous la ligne
mediane par des points de capitonnage. Une
lame de caoutchouc permet le drainage de la
serosite durant les 48 premieres heures. Les
deux extremites de 1’os hyoide sont rapprochees
et maintenues par un catgut no 0. Les muscles
sous-hyo'idiens sont aussi sutures par un cat
gut chromicise 00 ou 000, puis l’aponevrose
superficielle et le peaucier du cou. Les points
sur ce dernier muscle sont places de fagon
a laisser les noeuds a la face profonde du
muscle. La peau est suturee par des points
separes a la soie ou au Dermalon.
Cette technique employee dans un cas de
thyroide linguale porteuse d’un adenome (Fig.
4 ) a ete tres satisfaisante. L ’intervention s’est
effectuee facilement, la dissection et l’exteriorisation (Fig. 5) de la thyroide n’ont pose
aucun probleme et les suites operatoires ont
ete normales.
R esume
Trois cas de thyroides linguales ont ete
vus a l’H otel-D ieu de Quebec depuis 1946
parm i 50 cas de pathologie du tractus thyroidien. C ette frequence de 3 cas de thy
roides linguales n’est pas tres considerable,
mais tout de m em e significative de l’importance de connaitre cette malformation afin
de la bien traiter. Ce present travail a pour
but d’apporter une contribution a ce pro
bleme.
L a thyroide linguale pose la plupart du
temps une indication operatoire. Diverses
voies ont ete utilisees pour exciser cette
thyroide ectopique. L a voie intra-orale a
ete la prem iere utilisee, puis en raison des
difficultes soulevees, les chirurgiens ont
essaye la pharyngotom ie sus-hyoidienne et
aussi la pharyngotom ie cervicale laterale.
L a technique preconisee ici est une thyroidectom ie linguale sus-hyoidienne extramuqueuse. Une illustration des divers
temps operatoires facilite la comprehension
du texte. L a discussion des avantages de
ce p reced e pour l’excision des volumineuses thyroides linguales termine ce
travail.

Vol. 1
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Su m m ary
A previous review of cases of lesions of the
thyroid tract treated at the Hotel-Dieu de Quebec
since 1946 showed that out of 50 cases there
were 26 thyroglossal fistulas, 19 thyroglossal cysts,
3 cases of lingual thyroid, 1 case of aberrant
lateral thyroid and 1 of aberrant thoracic thy
roid. Hence, though the incidence of lingual thy
roid is low, the existence of this malformation
must be recognized if it is to be treated correctly.
Lingual thyroid usually requires operation, and
various approaches have been used, including
the intraoral and cervical. The author’s technique
is an extramucosal suprahyoid thyroidectomy. The
incision is in the form of an inverted T. The
transverse incision is made at the level of the
upper end of the thyroid cartilage, stretching on
each side to the anterior border of the sternomastoid. A second, vertical incision passes up
wards towards the point of the chin, but stops
short 2-3 cm. from the latter. The two flaps
dissected up contain skin, fatty tissue and
platysma. This dissection reveals the superficial
cervical aponeurosis and the subhyoid muscles in
the lower half of the wound, and the suprahyoid
muscles in the upper part. These two areas are
separated by a white aponeurotic tissue covering
the hyoid. The anterior jugular veins are also
recognized. The vertical incision is now made in
the midline through the aponeuroses and the
thyro-hyoid membrane. The hyoid bone is sec
tioned at its centre with Liston’s forceps, and the
lateral halves retracted together with the supra
hyoid and subhyoid muscles. The median incision
is carried more deeply through the suprahyoid
muscle mass and the lingual muscle, and the
aberrant thyroid tissue is soon visualized. The
latter is then dissected totally or subtotally, with
the aid of the left index finger introduced through
the mouth towards the base of the tongue. The
thyroid can be peeled out without tearing the
mucosa. After its removal the lingual muscles are
brought together in the midline and a thin rubber
drain is introduced for the first 48 hours. The
two halves of the hyoid bone are brought together
and stitched together with a No. 0 catgut suture.
The subhyoid muscles are stitched together with
00 or 000 chromic catgut, and the superficial
aponeurosis and the platysma are united, the
suture in the platysma being placed with the
knots on the deep surface. The skin is closed
with interrupted silk sutures or Dermalon.
This technique proved very satisfactory in a
case of lingual thyroid.
A ddendum

Remerciements au Dr. J. L. Bonenfant pour la
micro-photo, et au Dr. Marc Beaudet pour les
dessins schematiques.

Depuis 1’envoi de ce travail, un autre cas de
thyroide linguale a ete opere en suivant cette
technique.
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THE PRESENT STATUS OF SURGERY FOR PROSTATIC OBSTRUCTION
G. S. M. WILSON, M.B., F.R.C.S.(Eng. and Edin.), Welland, Out.
I t w o u ld a p p e a r to be a commonly ac

cepted fact that the patient of today with
prostatic hypertrophy stands a much better
chance of surviving prostatic surgery than
his predecessor of a generation ago. How
much better his chances are, however,
would appear to be a matter of some
dispute. Numerous publications record
mortality rates up to 39% .6 The variation
is so considerable that it would appear
quite impossible from a study of the litera
ture to come to any hard and fast conclu
sions with regard to the risks involved. In
Table I (modified from Davis and Lee6)
are shown some of the variations in mor
tality rates.
In the pre-antibiotic era some remark
able results were achieved. Those of Young
in 1926 are outstanding, when he recorded
a thousand cases with a mortality rate of
3.2%.6 In recent years some very impres
sive statistics have been presented. The
Mayo Clinic have published the fantastic
number of 11,522 transurethral prostatec
tomies with a death rate of only 1.2% .6
By contrast other well-known surgeons
have rates up to 12%. Wherein lies the
difference in these series? In an attempt
to answer this question I have analyzed
all cases of prostatic hypertrophy I have
seen in the past five years. They represent
my first five years in practice and also the
establishment of a urological service in a
number of small hospitals not previously
accustomed to this type of work. The
mortality rate, therefore, in the earlier
part of the series is perhaps a bit heavier
than it should be—certainly heavier than it
is latterly. The area from which these cases
are taken is comparatively circumscribed
and not dependent on bigger centres. I
am reasonably certain that comparatively
few of the patients have left the area.
The series is, therefore, fairly representa
tive of the population as a whole. The
population of the area is approximately
75% urban and 25% rural.

V a r ia b l e F a ctors in R e su l t s

Before considering the analysis in detail,
there are certain variable factors which
must be standardized or recognized.
1. Definition o f mortality .—This is com
monly an “in-hospital” death. This covers
the majority of deaths, but in view of the
fact that many patients after resection fre
quently leave hospital four or five days
after operation, it is probable that an inhospital death rate is a shade lower than
the true death rate. A coronary thrombosis
or a pulmonary embolism occurring a week
or two after discharge from hospital must
be taken into account. I have therefore
included all deaths within 30 days of
operation.
2. Natural selection o f c a s e s —Nationally
famous clinics or surgeons attract elective
surgery from long distances. These patients
are probably better risks than the run-ofthe-mill cases of an ordinary practice. In
the present series of cases this factor is
absent.
3. Artificial selection o f cases.—In this
category come those patients who are re
jected for operation as being unfit; if they
have retention they are returned home
with indwelling catheters or suprapubic
drains. In the present series no patient with
acute retention and no patient with marked
symptoms has been rejected when the ex
pectation of life was more than a few
weeks. No patients were sent home with
catheters, although one was transferred to
a mental hospital with a suprapubic drain
where he died about two months later.
4. Pathology. — Differentiation between
carcinomatous and benign hypertrophy is
not justifiable. Any analysis of prostatic
deaths must include all prostatectomies.
5. Indications fo r operation.—This consti
tutes a most important and variable factor
in mortality rates and also one which is
very difficult to assess. Surgeons who
operate on large numbers of elective cases
in good physical condition will undoubtedly
have a much lower mortality rate than
those whose cases are restricted to acute

330

CANADIAN JOURNAL OF SURGERY
TABLE I . — R e p o r t e d M o r t a l it y R a t e s

in

Vol. 1

P r o s t a t ic S u r g e r y *

Author

Place

Year

No. of
'patients

Percentage
mortality

Perineal
Y ou n g ......................................................... ................
H igbee........................................................
Davis and L e e .......................................... ................

prostatectomy
Baltimore
Denver
Omaha

1926
1951
1953

1000
572
2050

3.2
1.7
2.9

Hunt and W alters....................................
Galbraith....................................................
Freyer.........................................................
Bellevue Hospital (2nd stage)...............

Suprapubic prostatectomy
................
Rochester
................
Britain
................
Britain
................
New York

1938
1948
1919
1942

1000
318
1550
444

5.4
12.0
5.3
18.0

M illin ..........................................................
Newman.....................................................
Jacobs.........................................................
Maurer and L ic h ......................................

Retropubic prostatectomy
................
Britain
................
Australia
................
Britain
................
Louisville

1949
1951
1956
1955

757
103
100
750

4.5
8.0
3.0
1.3

1946
1950
1950
1953
1952
1955
1955
1954

2425
1560
11,522
1145
1041
1000
1022
794

1954
1953

530
449

N esbit.........................................................
University of Minnesota.........................
M ayo C linic..............................................
R a y ..............................................................
C reevy ........................................................
Bergman et al.............................................
Taylor et al.................................................
L e e ..............................................................

Transurethral prostatectomy
................
Ann Arbor
................
Minneapolis
................
................

Lexington
Minnesota

................
................

Columbus
Omaha

Mixed types prostatectomy
M acD onald................................................ ................
Montreal
D a v is.......................................................... ................ Philadelphia
‘ Modified from Davis and Lee.

retention and advanced hypertrophy. In
dications for operation are difficult to
classify, and urologists vary considerably
in this regard. I have attempted to assess
the influence of this factor by dividing
all cases into four medical grades or cate
gories, according to the physical condition.
The four categories recognized—good, fair,
poor and bad—are defined in Table II.
M o rta lity

The present series consists of 388 cases
of prostatic obstruction seen between Janu
ary 1951, and December 1956. O f these,
97 cases did not come to operation. Table
III shows the details of these cases. The
majority of these, it is noted, had either
mild symptoms (34 cases) in which opera
T A B LE II.— D e f in it io n
Grade 1
Grade 2

Good risk
Fair risk

Grade 3

Poor risk

Grade J

Bad risk

1.8
1.2
1.2
1.04
0.78
1.8
3.1
1.7
2.07

0.0

tion was not yet indicated, or moderate
symptoms (37 cases) where operation was
advised but declined by the patient. Five
patients with mild to moderate symptoms
were in the bad risk category and it was
felt that operation was barely justifiable
unless further trouble or more symptoms
developed. It should be noted that no case
with severe symptoms or acute retention
was rejected. Twelve patients died while
on drainage in hospital. Four of these
died from uraemia due to the prostatic
obstruction, while eight died from the
associated lesions. Eight of the 12 patients
who died were over the age of 80 years.
The details of the 291 cases which came
to operation are shown in Table IV.
There were 10 deaths in this series within
of

M e d ic a l G r a d e s

Healthy patient without gross disease.
Mild associated disease present — diabetes: hypertension (180 mm. H g): old
coronary disease: gross obesity, etc.
(Diminished cardiovascular (C-V) reserve— can walk a mile or two at his own pace.
(Severe associated disease.
(Very little C-V reserve— cannot walk upstairs without resting halfway.
(Completely bedridden.
(No C-V reserve. Breathless on any movement or at rest.
(Very severe associated disease.
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TABLE III.— S u m m a r y

of C a s e s o f P r o s t a t ic O b s t r u c t io n n o t O p e r a t e d o n :
T o t a l N u m b e r o f C a s e s S e e n 388; N u m b e r w i t h o u t O p e r a t io n 97

No. of
cases

Percentage

1

Medical grade
2
3

4

A. Symptoms mild—operation not indicated.................
D. Bad risks—symptoms mild to moderate. Operation
not advised...................................................................
B. Operation advised and declined..................................

34

35.0

12

18

4

_

5
37

5.1
38.1

6

23

4
6

1
2

E. Died on drainage..........................................................

12

12.2

—

—

—

12

C. Clinical carcinoma treated with oestrogens................
R. Transferred to other centres........................................

4
5

4.1
5.1

2
2

1

1

1
2

Totals...............................................................

97

19

44

18

16

30 days, giving a mortality rate of 3.4%.
Forty-four cases (15.1% ) were carcino
matous, there being three deaths in this
group. The age incidence is shown in
Table V. It should be noted that 82% of
the patients were over the age of 60 and
46.7% were over the age of 70. O f the
291 cases 190 fell into the category of
elective surgery. These are shown in Table
VI. In this group there were two deaths
giving a mortality rate of approximately
1%. Poor or bad risk cases in this group
constituted 24.7%. Table VII shows the
101 cases of acute retention. There were
eight deaths in this group, giving a mor
tality rate of 8%. The percentage of poor
and bad risks here was 42.6%, compared
to 24.7% in the elective cases. Table VIII
shows the relationship between age and
medical grade. This relationship is most
important. It is noted that the percentage
of poor and bad risks is increased with
each decade, being 0% , 11%, 15%, 45%,
and 64% in the fifth, sixth, seventh, eighth,
and ninth decades and over respectively.
Table IX shows the individual deaths.
The important things to be noted are the
age groupings and medical grades. Only
one patient was under the age of 70, and
only three out of 10 cases were fair or
good risks. If we now refer to some of
the published cases shown in Table X,
corroboration is found for the fact that
the major death rate is in the over 70
age group. It is seen that, including the
present series, out of 54 deaths 40 or
70% were in persons aged 70 years or
more. Milner reports 180 transurethral
prostatectomies in patients over 80 with a
mortality rate of 6% .11 Bergman et al.

report 420 transurethral operations in
patients over 70 years with 13 deaths,
or a mortality rate of 3% . However, age
alone is not the only factor, as Thompson
demonstrated when he reviewed 1200 cases
of resection in persons aged 70 years or
over and operated on prior to January
1938.11 The mortality rate in this group
was only 1.6%. In persons over 85 the
mortality rate in the series went up to
7% . The following tentative conclusions
may therefore be drawn:
1. Medical grade deteriorates as age
increases. The rate o f deterioration is
especially rapid over the age of 70.
2. Most deaths occur in poor risk cases.
If now we refer to the age incidence of
published series as shown in Table XI,
we find part of the reason for the discrep
ancy in mortality rates. Davis5 with a
zero mortality operated on only 22% of
persons over the age of 70. Jacobs7 with
a 3.1% mortality in his last 125 cases had
79% of persons over the age of 70. It is
probable therefore that the mortality of
his series is roughly equivalent to the 1
or 2% mortality of the other series, where
between 40% and 50% of patients were
over the age o f 70.
In the present series we have a mortality
rate of 3.4%. However, the majority of
TABLE IV.—O p e r a t i v e C a s e s
Total number of cases operated on .. . 291
Transurethral resection............ 287
Suprapubic prostatectomy. . . .
4
Death (within 30 days)....................... 10
Mortality rate......................................
3 .4 %
Benign hypertrophy............................ 247 (84.9% )
Deaths.......................................
7 (3%)
Carcinoma............................................
41 (15.1 %)
Deaths.......................................
3 (6.8% )
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TABLE V.— A g e I n c id e n c e

Decades

5th

in

Vol. 1

D ecades

6th

7th

8th

9th

10th

31
3
10.6
82.0
46.7

5
3
1.6

No. of cases..............................................
9
Deaths......................................................
3.1
Percentages..............................................
Percentage over age 6 0 ...........................
Percentage over age 70...........................

44

deaths occurred in the earlier part of the
series and a number of these deaths were
avoidable. If we refer to Table IX
Cases 5 and 8 are noted to be technical
failures. Case 3 was in the early days before
the danger of broad spectrum antibiotics
was recognized, while the patient in Case
6 would have been better off to spend his
few remaining weeks of life on continuous
drainage. In 1955 and 1956, 140 operations
were done with two deaths, while in 1957,
to the time of writing, a further 76 opera
tions had been done with two deaths. This
gives a mortality rate of 1.8% which is in
keeping with that in some of the larger
series of transurethral resections in Table I.
One can say therefore that in the average
series of cases on this continent where
40 to 50% of patients are over the age
of 70, the mortality rate should probably
be between 1 and 2% . In series with
a larger percentage of patients over the
age of 70, the mortality rate is propor
tionately higher. Where 80% of the
patients are over the age of 70, 3 to 4%
would probably be a very acceptable
mortality rate.

the vast majority of persons were operated
on by the transurethral technique, using
the Thompson punch. If we refer to Table
I, it is noted that most of the larger series
of cases with a mortality rate of less than
2% have been cases of transurethral re
section. Nevertheless, it has been demon
strated that other techniques can produce
excellent results, while the amount of con
troversy among urologists indicates that
there can be little to pick and choose
between the various techniques. Many
authorities advocate that the technique
should be fitted to the case rather than
the reverse. I believe this to be a counsel
of perfection. To be a master of one
technique probably requires experience of
500 or 1000 cases. Such experience of all
four major techniques is out of the reach
of most urologists. I submit that it is
better to be a master of one or two tech
niques than a jack of all trades and master
of none.

T ypes

of

O peration

So far no reference has been made to
the type of operation. In my own series,
TABLE VI.— E l e c t iv e S u r g e r y
1

Medical grades
2
3

4

Operations. . 190 57
86
42
5
____
Deaths........ 2 —
1
1
Per cent grades. 30.0
45.2
22.1
2.6
Percentage poor or bad risks. .. . ........ 24,.7
TABLE V II.- - A c u t e R e t e n t io n
1

Medical grades
2
3

Operations .1 0 1 10
48
39
Percentages. . . .
9.9
47.5
38.7
Deaths........ 8
1
1
5
Percentage poor and bad risks. ....... 42.6

4

4
3.9
1

102
100
1
3
15.2
35.0
34.5
....................................................
....................................................

C auses

of

D eath

The advent of antibiotics has to a very
large extent eliminated sepsis as a cause
of death in prostatectomy. The other major
factor in the causation of death is cardio
vascular and still remains a hazard. Pul
monary emboli, coronary occlusions and
cerebrovascular accidents still remain.
These are closely related to the amount
of haemorrhage during and after operation.
Even though blood lost is replaced by
transfusion, this is still a factor initiating
thrombotic complications. Blood loss is
to a considerable extent a matter of tech
nical ability. As experience increases loss
decreases. In an attempt to assess the
importance of this factor it has become a
routine to measure blood loss during opera
tion. This is done by collecting the wash
ings from the bladder and measuring the
haemoglobin content in the photometer.
This is then converted into blood volume
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TABLE VIII.— R e l a t io n s h ip B e t w e e n A g e

and

M e d ic a l G r a d e s

M edical grades
Decades

5

6
7
8
9

1 and 2

.........

.......................
.......................
.......................
and 10.............

9

39
86
56
12

3 and 4

Percentage
grades
3 and 4

—

0

5
16
47
21

11
15
45
64

Under age 70 13% are in Grades 3 and 4.
Over age 70 50% are in Grades 3 and 4.

on the basis of the patient’s haemoglobin
level. Loss has been estimated in 64 cases
in 1955 and 1956. This comprises all the
operations done at the one hospital where
facilities for this estimation are available.
Sixty per cent of these patients lost less
than 200 c.c. of blood; 29% lost between
200 and 500 c.c., while 11% lost in excess
of 500 c.c. O f the 60% with loss less than
200 c.c., all except one had a resection of
less than 40 grams. O f the 29% with loss
between 200 and 500 c.c. more than half
(18% of the total) had a resection in
excess of 40 grams, while of the 11% with
losses in excess of 500 c.c. five out of seven
had resections of more than 60 grams, the
largest resection being 91 grams. It would
appear therefore that in the technique used
by myself the loss is to a large extent
dependent upon the size of the gland.
M orbidity

It is generally accepted that along with
the decline in mortality there is an accom
panying decline in morbidity. Nevertheless
complications do occur and necessitate
consideration.
Incontinence is probably the most
troublesome complication both from the
urologist’s and the patient’s viewpoint.

Transient stress incontinence is not infre
quent after any type o f prostate operation.
In the present series there were six cases
( 2 % ) all with complete recovery in vary
ing periods up to five months. Permanent
incontinence is rare but does occur. There
have been three cases ( 1 % ) . One of these
was complete while the other two had
mild to moderate stress incontinence. The
sphincter was intact in all cases. All the
patients were old and feeble.
Urethral stricture is a much quoted
complication in arguments about the rela
tive merits of endoscopic resection versus
open prostatectomy. That stricture does
occur there is no doubt, and there is also
little doubt that it is commoner after endo
scopic resection. However, in my own
hands it has not been a clinical problem
as yet. To date I have had only two
patients (0.7% ) in the entire series return
ing with strictures due to operation. Meatal
strictures were very much commoner in the
earlier part of the series, but since adopting
the practice of doing a routine meatotomy
in all cases where the resectoscope does
not slide in easily, I have not been troubled
with any further such strictures. The
meatotomy is sutured with 3-0 plain catgut
in all cases. The meatotomy, however,
does tend to produce an unsightly meatus
with a tendency to spray. In those cases
where strictures are already present,
forcible dilatation can aggravate them.
There have been 12 such cases—two of
these patients have attended periodically
for dilatations since operation. The re
mainder have been symptom-free in the
immediate postoperative period and have
neglected to report back for follow-up.
Urinary infection has been exceedingly
common. This however is not disabling,

TABLE IX .— S u m m a r y
No.
cases

Nam e

A ge

Date

Grade

1
2
3
4
5
6
7
8
9
10

D.W.
J.S.
G.H.
R.R.
J.Y.
J.L.
T.D.
J.J.
W.W.
P.M.

69
73
76
78
78
81
82
86
93
95

2 / 5/53
20/ 6/53
27/ 3/53
5 / 4/55
1/ 8/54
7/ 8/54
12/ 9/53
25/12/54
8 / 5/52
5 / 8/56

1
2
2
3
3
3
3
3
4
3
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of

D eaths

Cause o f death and remarks

Pulmonary embolus on the 23rd postoperative day.
Pulmonary embolus; heavy postoperative bleeding.
Broad spectrum antibiotic enteritis.
Pulmonary embolus on 6th postoperative day.
Intravascular haemolysis— perfor. capsule.
Ca. out of control; three previous resections.
Died at home on 21st postoperative day.
Probable mismatched transfusion.
Pulmonary embolus on O.R. table at 2nd resection.
Pyocyaneus infection and bronchopneumonia.
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TA BLE X . — N u m b e r

of D ea th s
P u b l ish e d C a se s

in

Deaths

Over age 70

Bergman et a l .................
Aiken ................................
I jic h ..................................
Present series..................

18
15
11
10

13
11
7
9

Totals..........

54

40

and a constitutional reaction has been con
spicuous by its absence if the frequent
small rise in temperature immediately
following operation is excluded. No patient
is discharged from follow-up care until
the urine is clear and does not contain
more than one or two pus cells per low
power field on microscopy. However,
follow-up in order to achieve this is very
difficult. The majority of patients discon
tinue follow-up visits even when there is
some pyuria present. Only 110 or 34% of
the total operated upon continued observa
tion either until the urine was clear, or until
more than a year had elapsed. Of these
57 or 52% had microscopically clear urine
in three months. A further 40 or 37% were
clear within the year. The remaining 13
or 11% still had some pyuria at the end
of one year. It is my custom after a
patient’s discharge from hospital to wait
for a period of four or five weeks and
then give a course of antibiotic therapy.
This has usually been done on the basis
of antibiotic sensitivity tests. The most
difficult organisms to eradicate have been

Proteus vulgaris and Ps. pyocyanea.
Thrombotic complications are an ever
present hazard and one which is always
worrisome. If possible, no patient is dis
charged from hospital until his tempera
ture has been normal for 48 hours on a
four hourly chart. An evening temperature
is always regarded with suspicion. Phlebothrombosis has occurred rarely but has not
merited a detailed analysis. Anticoagulants
T A B L E X I .— A ge I ncidence

A uthor
Jacobs..................
D avis...................
Bergman et a l . .
Taylor, Kaylor
and Taylor. . . .
B yrne...................
Present series.. . .

No. of
cases

M ortality
rate

Percentage
over 70

100
449
1000

3 .0

0.0
1.8

79.0
22.0
42.3

300
347
291

1.6
6 .0
3 .4

39.0
48.7
46.7

Vol. 1

have been administered as well as occa
sional paravertebral blocks. Anticoagulant
therapy has been difficult on account of the
tendency to haemorrhage. No patient has
been permanently disabled by a thrombotic
complication, apart from the fatalities due
to pulmonary emboli. There were no myo
cardial infarctions in the period under
review but one fatal case has since
occurred.
In all transurethral resections the com
pleteness or otherwise of the procedure
depends on the experience and ability of
the operator. In expert hands, a resection
is a prostatectomy in most cases. It was
inevitable therefore that in the earlier part
of this series some incomplete operations
should have been performed. Seven cases
of benign hypertrophy required a repeat
resection within a matter of weeks follow
ing the original operation. This is an inci
dence of 2.4%. Various figures up to 10%
are quoted in this respect. Only one of
these seven cases has occurred in the last
two years. No patient with benign hyper
trophy has as yet returned with a recur
rence of his growth, but in seven cases,
some of which were originally reported
as benign, the patient has returned with
carcinoma and has required two or more
resections. These repeated operations are
not included in the total of 291, which
refers to cases only.
Epididymitis has occurred, but the in
cidence has been small and the cases mild
and a detailed analysis has not been made.
Routine vasa ligations have been discon
tinued, as I feel that they may possibly
be a contributing factor in the develop
ment of impotence. This latter complica
tion has occurred in an unknown number
of cases and is occasionally very trouble
some. It is rather more common after
perineal operations, but may occur after
any type. One of my patients, an elderly
and rather feeble gentleman of 79, was
extremely upset despite an excellent func
tional result. Backache, presumably the
result of spinal anaesthesia, is occasionally
encountered, but although annoying has
not yet been incapacitating or permanent.
Spinal headache has been rare—less than
2%. This I believe (without much evi
dence! ) to be due to fairly free administra-
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tion of 5% dextrose in water intravenously
after operation. Delayed haemorrhage,
necessitating the re-introduction of a
catheter has been rare. Only one case has
been returned to the operating-room for
control of bleeding. Two other patients,
one of them a colleague, have required
re-admission to hospital on account of
bleeding, but in both cases bladder lavage
has been adequate to control the bleeding.
Osteitis pubis has not occurred in the
present series.
Intravascular hasmolysis is a danger
where water has been used as an irrigating
medium. One death occurred from this
cause. In this case the perforation of the
capsule was not recognized at operation.
However, water is probably safe as an
irrigating medium as long as the capsule
has not been perforated and as long as
the pressure employed is low. When any
doubt exists as to capsular injury it is
advisable to use a non-hasmolysing fluid.
In cases where any great amount of venous
bleeding has occurred, it is my custom to
take a sample of serum at the end of the
operation for a bilirubin estimation. An
occasional slight rise of serum bilirubin
has been noted but in no case has it been
significant.

D iscussion
Indications for any operation are depend
ent on the mortality and the morbidity
of the operative procedure. If mortality
and morbidity were zero, then operation
would be indicated whenever some benefit
could be expected. Such an ideal state of
affairs however has not yet been achieved.
The decision to operate therefore must
depend on the balance of the benefits
obtained against the mortality rate and the
morbidity of the operation. What is re
garded as a material benefit justifying some
risk by one patient may not be so regarded
by another. It follows therefore that in
early cases there can be no fixed set of
indications for operation. Indications will
be dependent on the individual surgeon’s
technical ability and the patient’s assess
ment of the severity of his symptoms and
his desire for relief of them. There are of
course what might be termed absolute
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indications, such as back pressure on the
upper renal tract endangering life. In my
own practice I regard morbidity as a fac
tor of negligible importance and one that
does not enter materially into indications
for operation. The deciding factor is the
balance of benefits obtained against mor
tality rate. As can be seen from Tables VI
and VII, and demonstrated elsewhere in
this article, mortality rate is dependent on
the physical state. Thus in the present
series in grades 1 and 2 the mortality rate
has been 1.4%, in grade 3 it has been
7.4% and in grade 4 out of nine patients
one died, giving a mortality rate of 11%.
However, these figures as mentioned earlier
are higher than at present obtain and than
should obtain with an experienced surgeon
under good conditions. Nevertheless, it is
unlikely that under present circumstances
the poor and bad risk cases can be op
erated on in bulk with a mortality rate of
less than 5% , while the mortality rate in
good risk cases should be considerably
under 1%. In good risk patients whose
symptoms are mild, the probable benefits
of the operation and the risks involved
should be explained to the patient who
may then make his own decision. In poor
risk patients with mild symptoms it is
better to leave operation entirely alone.
Where however the symptoms are moder
ately severe, it is my custom to advise
operation in even the poor risk patients.
Here again, however, the decision must be
made by the patient after discussion with
the surgeon. Where there is evidence of
back pressure on the upper renal tract,
I believe that the surgeon should try to
persuade the patient to submit to operation.
It may be debatable whether or not a 5%
or 6% mortality rate justifies a curative
operation when palliative permanent supra
pubic drainage or catheter drainage is
available as an alternative. My personal
opinion is that in most cases with severe
symptoms operation is justified. One has
only to witness the new lease of life ex
tended to many of these patients to feel
that one oneself would gladly accept the
hazard.
One may say therefore that in prostatec
tomy, more than in most other types of
surgery, indications for operation must be

336

CANADIAN JOURNAL OF SURGERY

related to the technical ability of the sur
geon who must know what his own mor
tality figures are. Where the standard is
high, operation may be desirable and is
justifiable in good risk cases when symp
toms are still relatively early, while there
are relatively few if any bad risk cases
with severe symptoms which need be re
jected. When the surgeon gives advice,
this advice should be based on what he
would have done to himself if he were the
patient.
Su m m a r y

A small personal series of prostatec
tomies is reviewed and compared with
other published series. The overall mor
tality rate was 3.4% but latterly has been
reduced to 2% .
Mortality rate depends largely on the
physical condition of the patients and this
in turn depends largely on the patients'
age. The physical condition deteriorates
and mortality rates rise sharply after the
age of 70. In good and fair risk cases the
mortality should be well under 1%. Poor
and bad risk cases will have a mortality
rate of 5% or higher. In an unselected
series where approximately 80% of patients
are over the age of 70 a mortality rate of
between 3 and 4% is very acceptable.
Where the percentage of cases over the
age of 70 is 40 to 50%, the mortality rate
should be less than 2%.
Indications for operation are dependent
on the mortality rates for the individual
surgeon. Where the mortality rates ap
proach the above-mentioned, there are
relatively few patients who cannot be sub
jected to operation with safety. Indications
for operation are not fixed in early cases
but to a degree must depend on the pa
tient’s evaluation of their importance and
the probability of their cure. The opinion
is expressed that postoperative morbidity
is relatively unimportant when consider
ing the indications for operation.
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R esum e
L ’auteur nous presente ses cas d’hypertrophie
prostatique traites durant ses cinq premieres
annees de pratique. La serie comprend 388 cas
vus entre janvier 1951 et decembre 1956. De
ceux-ci, 97 ne furent pas operes. Des 291 cas
operes, 10 moururent en dega de 30 jours, soit
une mortalite de 3.4%. L ’operation pratiquee le
plus souvent fut la resection trans-urethrale. Le
taux de mortalite depend surtout de 1’etat general
des malades et de leur age. En effet, le taux de
mortalite augmente dans le groupe de malades
ages de plus de 70 ans. Dans les cas ou le risque
operatoire est bas, la mortalite devrait rester en
dega de 1%; au contraire, si le risque operatoire
est eleve, la mortalite peut atteindre 5% ou plus.
Les indications operatoires dependent du taux
de mortalite de chaque chirurgien. Si ce taux est
dans les limites ci-haut mentionnees, il y a vraiment peu de patients qui ne peuvent etre operes.
Les indications ne sont pas rigides dans les cas
benins, mais doivent jusqu’a un certain point
dependre des troubles subjectifs et de la probabilite de leur disparition. La morbidite ne devrait
pas entrer en ligne de compte dans Vindication
operatoire.
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THE INFLUENCE OF THE VAGUS NERVE ON ANTRAL FU N C TIO N ”
F . GOUWS, M.D. and R. C. HARRISON, M.D., M.S., F .R .C .S .[C ], Edm onton, Alta.

M eth o d s
T h e r o l e o f the gastric antrum in the
regulation of HC1 secretion has now been
Healthy adult mongrel dogs of both
extensively studied in several labora sexes weighing between 12 and 21 kg.
tories.5’ 9’ 13’ 15 As early as 1910, Pavlov10 were used in two series of experiments.
suggested that there might exist an auto Heidenhain pouches were prepared in all
matic intragastric mechanism controlling
acid secretion by the parietal cells. It was
not until 1936 that Wilhelmj and his as
sociates14 related this inhibition of acid
production to the acidity of the gastric
contents and in particular to the pH in
the region of the antrum. It was shown
that following the ingestion of food, with
the associated rise in acidity, inhibitory
processes are set in motion when an
acidity of 0.06N is reached. These be
come increasingly strong, so that when the
antral acidity reaches 0.10N all acid secre
tion virtually ceases.
The experiments of Brunschwig,2 Hood,
Code and Grindlay,8 and Brackney and
Fig. 1.—Illustrating stainless steel cannula
his colleagues1 seemed to support the draining Heidenhain pouch secretions into a plas
theory of an active secretory depressant. tic container. It was virtually impossible for the
to bite through these bottles and so.
Further studies by Pincus et al.,12 Code animals
invalidate the experiment.
and Watkinson,3 and Dragstedt et al.5
showed that acid in the duodenum was animals to measure quantitatively the hum
capable of inhibiting gastric secretion. The oral phase of gastric secretion. All Heiden
possibility of specific inhibitory fibres in hain pouches were equipped with stainless
the vagus nerve, first postulated by Pavlov10 steel cannulas and secretions were col
and mentioned by Code,4 seemed to merit lected in clear plastic bottles attached to
further investigation.
the cannulas by means of a screw cap
The gastric phase of acid secretion is (Fig. 1). These bottles were smaller than
dependent on the “hormone” gastrin which the routinely used football bladders and
is produced by the antral mucosa. Dis had to be emptied more frequently. We
tension, stasis of contents, and mechanical feel however that this extra effort was well
and chemical substances are capable of worth while as it was almost impossible
influencing the production and/or release for the animals to bite through these and
of gastrin by the antrum, reflected by an so invalidate the experiment. All the ani
alteration in the amount of acid produced mals were fed a standard diet of bread,
by the oxyntic cells. We were interested canned milk and proprietary dog food
in the question whether the inhibition or with vitamin supplements. Sodium chlor
stimulation of acid secretion by the antrum ide (5-10 g. daily) was added to the diets
and serum electrolytes were determined
depends on an intact vagal supply.
at weekly intervals.
Nearly all the animals lost weight in
"Presented at the Eleventh Annual Scientific
itially but remained healthy otherwise and,
Meeting, National Research Council of Canada
on the whole, maintained a constant weight
(W estern Division), held in Banff, Alberta, Jan
uary 1957.
later. The HC1 output from the Heiden
From the McEachern Cancer Research Labora
hain pouches was calculated in mEq. by
tory and Department of Surgery, University of
multiplying the volume of secretion exAlberta, Edmonton.
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distally from the line of transection for a
distance of at least 2 cm. By these means
we feel that for all practical purposes the
“gastric” half of the antrum had been
vagally “denervated”. After recovery, 24hour pouch secretions were again collected
daily for a period varying between four and
six weeks. A third operation was then per
formed on each animal at which time the
gastric half of the antrum was removed.
Gastrointestinal continuity was re-estab
lished by end-to-end gastroduodenostomy
in two and end-to-side gastroduodenostomy
in three animals. Gastric stasis was ex
cluded after each operation by x-ray ex
amination after administration of barium
(Figs. 2 and 3). Pouch secretions were
again collected daily for a period of three
weeks to three months.
Series II.
Fig. 2.—Radiograph taken immediately after in
gestion of radio-opaque meal, demonstrating
absence of stasis in the gastric remnant.

pressed in litres by the free acid concentra
tion expressed in clinical units.
Series I.
For this four animals were used and a
procedure similar to that described by
Harrison, Lakey and Hyde7 was followed
(Fig. 4 ). The distal half of the antrum was
transplanted with its blood supply intact,
on to the transverse colon. In this position
it served as a constant source of gastrin
production which was reflected in a high
fasting secretion from the Heidenhain
pouch. Gastrointestinal continuity was re
established by gastroduodenostomy. Bar
ium studies were performed in all animals
after each operative procedure to exclude
stasis in the stomach, and unsuitable ani
mals were rejected (Fig. 2). Pouch secre
tions from each animal were collected daily
after an interval of three weeks for a
period of six weeks.
A second operation was then performed
which consisted of complete transection
and re-suture of the stomach at the proxi
mal end of the antrum. All blood vessels
and visible nerve fibres were divided and
the serosa was stripped proximally and

This consisted of a group of six animals.
In these the proximal limit of the antrum
was identified as closely as possible and
the antrum was excluded from the gastro
intestinal tract (Fig. 5). The nerve and
blood supply to the antrum was pre
served according to a method described
by Woodward et al.15 A small incision was

Fig. 3.—Radiograph of same animal as in Fig.
2 taken 10 minutes after ingestion of meal. It
shows an even distribution of the medium
throughout the upper intestinal tract with no
evidence of gastric stasis.
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H eid en h ain pouch output of acid (m Eq./V) over
24-hour period. Series I— D o g 5.

Fig. 4.—Diagrammatic representation of results
from a typical experiment in the first series of
animals. There is an increase in the acid output
from the Heidenhain pouch after removal of the
antral remnant from the stomach.
T.C. = Transverse colon.
A.B. = Proximal level of the antrum.

made on the greater curvature and the
lesser curve was evaginated through this.
A circumferential incision was then made
through the mucosa and submucosa only,
and the proximal and distal cut edges were
sutured to each other, giving a double
mucosal septum between body of the
stomach and the antrum. A 2 cm. cuff of
mucosa was excised from either side of
the line of section before infolding and
closure. The duodenum was divided distal
to the pylorus, which was brought out as
a cutaneous fistula. The duodenal stump
was closed and a gastrojejunostomy was
performed.
After recovery a three-way Foley cath
eter (No. 20) was inserted through the
pyloric fistula, which was made sufficiently
tight to retain the catheter without the
necessity of inflating the pneumatic cuff.
The animals were handled by the same
person and trained to stand in a Pavlov
frame in a quiet room while irrigations
were being performed. In addition to the
usual methods employed to exclude false
readings (such as sight and smell of food,
and vomiting) the following procedures
were employed to ensure that no con
tinuity existed between the main gastric
remnant and the antral pouches in the
second series of animals.
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1. Fasting secretions from the antrum
were collected and tested for acid with
the Foley catheter in situ and following
intravenous administration of histamine
(0.5 c.c.) and insulin (2.0 units per kg.).
In no instance could acid be demonstrated.
These tests also served to prove that no
acid-bearing mucosa existed in the antral
pouches.
2. Methylene blue was mixed with milk
and administered per os. Antral secretions
were collected over a period of 12 hours
after this, and in no instance could the
dye be demonstrated in animals used in
this experiment.
Collections of Heidenhain pouch secre
tions were made over six-hour periods after
the ingestion of a constant diet, and a base
line for individual animals was thereby
established. The isolated innervated an
trum was then irrigated with physiologic
saline through the Foley catheter at a con
stant speed aimed at prevention of dis
tension. Hydrochloric acid (N/10) was
then substituted for the saline at varying
intervals following feeding and at the same
speed. The antrum was also subjected to
various mechanical and chemical stimuli,
and the response of the parietal cells to
H eid en h ain p ou ch output of acid (m E q ./ V ) ove r a
six-hour p eriod. Series I I — D o g N o . 1.

Fig. 5.—Results from a representative animal
before and after vagal “denervation” of the iso
lated antral pouch.
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V ol. 1

TA BLE I .— R e p r e s e n t a t iv e R e s u l t s O b t a in e d
2 4 -H our A cid O u t pu t

pro m

pro m F o u r A n im a l s :
H e id e n h a in P o u c h es

Series I
Dog N o. 1

No. of 24-hour collections.............
Average for 24 hrs. mEq./V HC1.
Standard deviation.........................
% change from Stage I .................
S.E. = 1.527

Stage I

Stage I I

24
18.3

42
19.8

6.1

6.8

+

8%

Stage I I I

21

26.4
4 .3
+44%

Dog N o. 8

No. of 24-hour collections............
Average per 24 hrs. mEq./V HC1
Standard deviation...........................
% change from Stage I .................
S.E. =2.319

24
23.3
8.1

42
26.4

46
24.4
7.3
+ 4%

+ 13%

42
28.5
8.3
+ 2%

54
38.6
4 .2
+73%

6.0

Dog N o. 5

No. of 24-hour collections.. .
Average per 24 hrs. mEq./V
Standard deviation................
% change from Stage I ........
S.E. =6.048

28
22.3
3 .9
Dog N o. 6

No. of 24-hour collections.. .
42
21
28
Average per 24 hrs. mEq./V
32.4
42.6
31.3
Standard deviation................
7.2
8 .3
8.1
% change from Stage I .........
+ 32%
+ 3%
StE. =1.894
S.E .: Student’s “t ” test.
Stage I : Half of antrum transplanted on to transverse colon.
Stage I I : “Gastric” half of antrum vagally denervated.
Stage I I I : Gastric portion of antrum removed resulting in an increase of Heidenhain pouch secretion.

these were observed by collection and an
alyses of the Heidenhain pouch secretions.
At a second operation the antrum was
completely divided from the stomach and
the gastrohepatic omentum between an
trum and liver was divided, thus vagally
“denervating” the antrum. After recovery
the previous stimuli were re-applied and a
further series of six-hour collections was
made.

R esults
Series I.
As the data in Table I indicate, there
was no significant change in the amount
of secretion produced by the Heidenhain
pouches after section of the vagi to the
“gastric” half of the antrum. Following
total removal of this part of the antrum,
however, the same paradoxical increase in
secretion occurred that was observed by
Harrison et al.7; when subjected to statis
tical analyses, this proved to be very sig
nificant in dogs No. 1 and No. 5, moder
ately significant in No. 6 and not significant
in No. 3 (Table I). A typical experiment
is indicated diagrammatically in Fig. 4.

Series 11.
Table II and Fig. 5 indicate the results
of the second series of experiments. After
ingestion of food a profuse acid secretion
was obtained from all Heidenhain pouches.
This probably represents only the intes
tinal phase of gastric secretion. This secre
tion could only be diminished if N/10 HC1
irrigations were commenced within half an
hour after feeding. If irrigation was started
after the secretion had commenced the
latter was influenced only to a very minor
degree. Sectioning of the vagal supply to
the antrum had no influence on this phase
of the secretion.
Alcohol irrigations of both the innervated
and denervated antrum caused an increased
flow of gastric juice with a high acid con
tent (Fig. 5). The amount of secretion
following this was not influenced to a great
extent by vagal denervation.
Mechanical distension of the antrum by
means of the Foley bag regularly caused
marked retching and vomiting as well as
an increased amount of highly acid juice
while the vagal supply to the antrum was
intact. Following “denervation”, retching
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TABLE II.— A v e r a g e S i x - H o u r A cid O u t p u t
in mE q /V . f r o m H e id e n h a in P ouch
Series 11
Dog No. 1
Antrum
innervated
Fasting........................
After fo o d ...................
Antrum irrigated
with 7 % alcohol..
Food + N /10 HC1
irrigation..............
Mechanical distension
of antrum.............
Distension + N /10 HC1
irrigation...............

28 Consecutive
collections
Antrum
denervated

0.1

0.2
12.3

10.3

19.7

17.0

0 .8

1.2

4.7

5.1

2.2

1.8

and vomiting were abolished or greatly
diminished but the quantity and acidity
of the secretions were unaltered. Insulin
was given to two animals before and after
denervation of the antral pouch (15 to 20
units on three separate occasions). In each
instance where a fall of blood sugar to
between 40 and 45 mg.% was obtained,
no significant increase in the acid output
of the Heidenhain pouches occurred.
D iscussion

The exact role of the vagus nerve in
antral function is of more than theoretical
interest. It has long been evident that
there is a relationship between the nervous
and chemical control of gastric acid secre
tion. Uvnas13 suggested that gastrin might
be released by vagal impulses and that the
secretory effect of the vagus was enhanced
by the presence of gastrin. Pevsner and
Grossman,11 using dogs, observed a copious
secretory response to insulin hypoglycasmia
after removal of the antrum and entire
small intestine, thereby removing all known
sites of gastrin formation. From their ex
periments they concluded that vagal stimu
lation of gastric acid secretion is mediated
mainly by direct cholinergic action on the
fundic glands.
In all types of gastric resection for pep
tic ulcer, some part of the acid-bearing
mucosa is removed, the vagi are divided
at the level of transection or more proximally and, as a rule, the antrum is sacri
ficed. The main exceptions to the above
are segmental resection, where the antrum
is preserved but retains very little of its
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vagal supply, and Wangensteen’s tubular
resection where both vagi and antrum are
preserved.
Antrectomy has been employed in an
attempt to reduce the humoral phase of
gastric secretion. The failure of this
measure to eliminate peptic ulcer demon
strates that this was but one facet of a
more complicated problem. Vagotomy will
reduce the cephalic phase of secretion, but
unless it is combined with some drainage
procedure will delay gastric emptying and
a prolonged humoral phase.
Galli and Pollacco13 were the earliest
workers who tried to specifically “denervate” the antrum and test its effect on
secretion in dogs. Simple transection of the
stomach, combined with division of all
visible nerves in the gastrohepatic om en
tum and stripping of all blood vessels, will
not achieve complete vagal denervation
of the antrum. R. E. Ferguson, in a per
sonal communication, stressed that the an
trum must be transplanted into the sub
cutaneous tissues before it can be con
sidered devoid of all nerve supply. W e
were more concerned with the practical
implications facing gastric surgeons who
choose to preserve the antrum. Since gas
trin will continue to be produced by the
antrum, the question is: Can the amount
of gastrin produced be influenced by pre
serving or removing the vagal supply?
In our first series of animals we feel that
“denervation” of the antrum is similar to
that produced by segmental resections
(Fig. 2 ).
Our results indicate that the amount of
Heidenhain pouch secretions remained
practically unchanged before and after
vagal “denervation” of the proximal part
of the antrum (Stages I and II, Fig. 4 ).
This would suggest that the vagi to the
antrum have no effect on the antral pro
duction of gastrin and/or on inhibitory
substance. The increase in the pouch secre
tions which occurred in three animals after
removal of the gastric remnant o f the
antrum, again points to removal o f some
inhibition to secretion.
The second series would correspond to
tubular resections i.e. the antrum remains
in continuity and innervated (Fig. 5 ). In
the second half of this experiment the
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antrum is again “denervated” for all prac
tical purposes. In this group of animals
our results confirm some of the findings
of earlier workers. In other respects re
sults differ markedly from those obtained
recently by Oberhelman, Rigler and Drag
stedt,9 using an almost identical prepara
tion. In the first place they obtained a
marked response to feeding the animals
with the antrum excluded but innervated.
This response was comparable to that ob
tained from a Heidenhain pouch dog with
the antrum intact (Fig. 5 ). The secretion
however was more prolonged than usual
and with this we agree. This response re
mained almost identical following denerva
tion, indicating either that the vagus nerve
had no influence on gastrin produced by
the antrum or that the secretion occurred
in response to some humoral substance
produced by the intestine.
We could not obtain a response to in
sulin hypoglycasmia in the excluded antrum
whether the antrum was innervated or not.
W e have not included the results in our
table because we felt at the time that four
to six negative results, especially in the
light of the negative findings of previous
workers were sufficient indication of ab
sence of stimulation. Perhaps, in view of
Oberhelman’s conclusions, we should have
persisted a little longer. In considering the
results of our own experiment we believe
that an intact vagal supply is not manda
tory for gastrin production by the antrum.
This is in contrast to Uvnas’s findings. We
would suggest that any release of gastrin
or inhibitory substances by the antrum as
a result of vagal stimulation can be con
sidered to be in the nature of a minor or
auxiliary mechanism.
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Summary

The exact role of the vagus nerve in
antral function is not entirely clear. The
secretion of acid by the parietal cells dur
ing the cephalic phase of gastric secretion
is dependent upon an intact vagal supply
and is mediated by local liberation of
acetylcholine. The gastric phase of acid
secretion is dependent upon the local pro
duction of gastrin by the antrum. The
action of the vagus on this phase of secre
tion is of a minor or auxiliary nature.
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Resume
L ’antre gastrique dans son role regulateur de la
secretion d’acide chlorhydrique est reconnu depuis
longtemps. La phase gastrique de la secretion
acide decoule de l’hormone “gastrine” qui est
fabriquee par la muqueuse antrale. Les auteurs
ont cherche a determiner si l’inhibition ou la
stimulation ^de la secretion acide par 1’antre
dependait d’un apport vagal intact.
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Deux series d’experiences sur des chiens furent
tentees: on crea des poches d’Heidenhain chez
tous les animaux afin de mesurer quantitativement
la phase humorale de la secretion gastrique.
L ’innervation antrale des animaux de la premiere
serie fut interrompue, tandis qu’elle fut conservee
chez les autres. De ces experiences, les auteurs
concluent que le role du vague dans la fonction
antrale n’est pas clair. L a secretion d’acide par
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les cellules parietales durant la phase cephalique
de la secretion gastrique depend d’un apport
vagal intact et est transmise par la liberation
d’acetylcholine. L a phase gastrique de la secre
tion acide depend de la production locale de
gastrine par l’antre. L’action du vague dans cette
derniere phase de secretion est minime ou simplement auxiliaire.

RECONSTRUCTION OF TH E THORACIC OESOPHAGUS0
ROSS ROBERTSON, M.D., F .R .C .S .fC ], F.A .C.S. and
S. T. R. SARJEANT, M.D., F .R .C .S .(E n g .), F .R .C .S .fC ], Vancouver, B.C.
I n our report on reconstruction of the
entire thoracic oesophagus to the American
Association for Thoracic Surgery in April
1950, the use of a tunnel in the anterior
mediastinum to locate the new oesophagus
was first described.48 Subsequently world
wide interest has been displayed in this
procedure, particularly by Betts3 in India,
Mustard30 in Toronto, Petrov40’ 41 in Mos
cow, Potts in Chicago and Cavalcanti10 in
Brazil.
It has become almost universally agreed
that the anterior mediastinum is the best
site for the reconstruction when the entire
thoracic oesophagus requires replacement.
The tunnel is easily formed by blunt dis
section with a minimum of shock and is
well removed from the oesophagus, which
may be involved in tumour, ulceration or
fibrosis. There is no intrathoracic anastomo
sis to leak with usually fatal results. The
retrosternal oesophagus is preferable to the
subcutaneous oesophagus for aesthetic rea
sons. Petrov states that it functions better
because of the suctioning action of the
thoracic cage. He has demonstrated this
by an open intestinal stoma pulled out
from the retrosternal space into the neck.
Certainly in our experience with isoperi
staltic jejunal transplants, postoperative
barium swallow has demonstrated rapid
passage of barium through the new oesopha
gus.
“Presented at the Meeting of the Pan Pacific
Surgical Association, Honolulu, November 1957.

The stomach is much too bulky for a
retrosternal transplant. Its blood supply
becomes exceedingly precarious for anas
tomosis in the neck. Regurgitation of gas
tric juice is troublesome and its distension
may interfere with cardiac and pulmonary
function. Jejunum and more recently colon
have been used for the reconstruction.
The retrosternal tunnel might be greatly
improved by a preliminary operation pre
paring the tunnel and inserting a soft plas
tic tube somewhat larger than the selected
bowel. At a second stage about two weeks
later, the tube is removed leaving a smooth
tunnel containing no fibrous strands to
snare the transplant, and walling off ef
fectively the pleural cavities and extra
pleural spaces from redundant loops of
bowel. In our one patient on whom this
procedure was tried, the first three straight
arteries to the jejunum were also tied at
the preliminary operation without mobiliz
ation or division of the jejunal tube.
Twelve days after operation she died of
a thrombosis of the ileocolic artery. The
remaining branches of the superior mesen
teric artery were patent. The tunnel was
excellent with a firm, smooth wall and a
large lumen. In future, preliminary ligation
of the straight arteries will not be done.
Pneumothorax can be avoided in most
cases by careful dissection and controlled
endotracheal anaesthesia. However, it should
be kept in mind and if breath sounds are
not readily heard on both sides of the
chest immediately after operation, a chest
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TABLE I — R e c o n s t r u c t io n

of

(E s o p h a g u s b y R e t r o s t e r n a l J e j u n a l T r a n s p l a n t

C o n g e n ita l tr a c h e o 
e s o p h a g e a l fis tu la
A u th o r

N o. of
ca ses

O p.
d eaths

C h em ic a l s tric tu r es

R em a rk s

B e t t s .....................

N o. of
ca ses

O p.
d ea th s

8

0

C a r c in o m a

R em a rk s
O ne tu b e o f
j u n u m lo s t

C a v a lc a n ti. . . .

1

0

S t e n o s is a t a n a s t o 
m o s is

1

0

G o o d r e s u lt

2

0

B o t h g o o d r e s u lts

M u s t a r d .............

P e t r o v .................

P i n k h a m ............

R o b e rts o n and
S a r je a n t . . . .

1

0

G an gren ou s en d
t u b e e x c is e d ;
t u b e r e p la c e d
a n d la te r
a n a stom osed

N o. o f
c a ses

O p.
d ea th s

1

0

P a llia tiv e : s to m a c h in 
c l u d e d ; g a in e d
w e ig h t

10

3

7

18

4

8

R em a rk s

je 

C a r s w e l l .............

H o llin g e r ,
J oh n sto n and
P o t t s ................

Vol. 1

48

4

3 d e a t h s : n e c r o s is
o f tu b e
1 d e a t h : b ila te r a l
p n e u m o th o ra x
7 r e t r a n s p la n t
u n d e r s k in

4

1

1 d ea th : th ro m b o 
sis m e s e n t e r ic
a rtery
2 n u tritio n g o o d
1 d u m p in g
syndrom e

c o m p l e t e s u c c e s s as
p a l l ia t i v e
2 d e a th s : g a n g ren e
1 d e a t h : fis t u la in n e c k
w i t h m e t a s t a t ic c a r c i
nom a

of

radiograph should be taken with a port
able apparatus and air aspirated when
indicated.
Interference with heart action or lung
function has not been evident in our cases
or in the reports of others. Some of our
patients have noticed audible gurgling on
swallowing, but have not considered it
troublesome.
Retrosternal reconstruction of the oesoph
agus by jejunal transplant has been re
ported in the literature by several authors
as shown in Table I. The preparation of
the jejunal transplant using the vascular
arcade for its blood supply has been de
scribed in our previous article.
Obviously, the crucial factor in the suc
cess of the operation is the maintenance
of adequate blood supply to the upper end
of the jejunal transplant in order to ensure
healing of the anastomosis.
In Table I it is notable that even in the
younger patients with healthy arteries who
were treated for congenital fistula or chemi
cal strictures, there were three deaths from

c o m p l e t e s u c c e s s as
p a llia t iv e

4 liv e d o v e r 1 y e a r
2 f is t u la a n d s t r ic t u r e

necrosis of the tube and in nine other
cases partial necrosis was a complication.
Naturally there is much concern about
gangrene developing in the tube of bowel
hidden from observation by the sternum.
For this reason some workers have exterior
ized the intestinal stoma in the neck and
delayed anastomosis with the cervical
oesophagus until the viability of the trans
plant was assured. If the stoma appears
necrotic it may be freed with surprising
ease and drawn up until definitely viable
tissue appears, suitable for anastomosis. If
the gangrene is more extensive, it may re
quire re-opening of the incision in the
abdomen and freeing of the transplant
from below. The dead tissue is removed
and the remaining tube replaced in the
mediastinum as performed by Pinkham, or
transplanted under skin as suggested by
Petrov.
In the following case, not previously re
ported, many of the problems encountered
and the satisfactory result finally attained
are well illustrated.
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Fig. 1.—Case 1.—Barium swallow following cervical cesophagojejunostomy.
C a se I . —S .F ., a boy aged 7, swallowed
lye when he was one and a half years of age.
Strictures developed involving the entire thor
acic and the lower cervical oesophagus. R e
peated dilatations—40 in all—at intervals of
two to three weeks failed to preserve the
lumen. On one occasion the oesophagus was
perforated causing a mediastinitis which was
drained in the neck. On April 30, 1956, the
oesophagus was reconstructed by a retrosternal
jejunal transplant prepared as described fully
in a previous article. T he vascular arcade ap
peared adequate. In preparing the tube the
first three straight arteries were ligated and
divided. T h e term inal two inches of the tube
becam e cyanosed and were discarded. T h e re
maining tube was pink and pulsation was
good in its arterial arcade. Additional length
was obtained by further dissection of the
mesentery and ligation and division of a small
branch of the fourth straight artery. W hen
the jejunal tube was passed into the neck it
becam e cyanosed, but after end to end an
astomosis with the oesophagus its colour im 
proved considerably. An end to side anastom o
sis was then made betw een the proximal stump
of jejunum and the prepared tube, and a
gastrostomy performed. The child stood the
operation well and made a good recovery.
However a fistula developed in the neck, and
although it healed a stricture formed at the
anastomosis. Dilatations failed. Consequently
the incision in the neck was reopened and the

stricture excised. The end of the jeju n al tube
in the neck and the oesophageal pouch above
were mobilized with surprising ease. T h e je 
junum was pink and lined w ith norm al mucosa.
A secondary anastomosis was perform ed w ith
out tension. Unfortunately a stricture again
form ed but was less severe and has responded
well to dilatations. The boy is now eating all
foods, including solids, for the first tim e in
his life, without difficulty (F ig . 1). F o r a few

Fig. 2.—Case 1.
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weeks after operation he showed signs of the
dumping syndrome with pallor and faintness
while eating. These signs no longer appear.
He is well nourished as is apparent in the
photograph (Fig. 2).
In retrospect it would have been prefer
able to exteriorize the jejunal stump in the
neck and delay anastomosis for two or
three weeks until its viability was assured
and oedema had subsided. A stronger an
astomosis would have resulted.
TABLE II. — R e c o n s t r u c t io n

of

A u th or

Dale and
Sherman. .

2

0

Rem arks

B en ign or
chem ical strictures
N o. o f
Op.
cases deaths

P etrov.............
Pinkham

1

0

R em arks

Carcinom a
N o. o f
Op.
cases deaths

Rem arks

Immediate anasto
mosis
Good results

M ustard..........

Neville.............

At present the debate has centred on the
choice of bowel segment which may be
best mobilized for transplantation. The je
junum was originally chosen because of its
cleanliness and following the large experi
ence of Yudin. In young patients with lye
strictures the blood supply was usually
adequate, but in the older patients with
cancer many failures were recorded because
of gangrene (Table I ). Kelling reported
the use of transverse colon for subcutane
ous reconstruction of the lower oesophagus
in 1911.22 He preferred the transverse colon,
since it was “wavy with a large meso
colon”, whereas “the mesentery of the small
bowel was short . He states that “during
the first three postoperative days, stomach
washing was necessitated by faeces left in
the colon transplant which drained into
the stomach.”
Then for many years jejunum was pre
ferred, prepared by the Roux Y method
and used so extensively by Yudin.
When antibiotics made sterilization of
the large bowel possible, attention swung
back to the use of colon for reconstruction
of the oesophagus. Among those respon
sible for renewed interest in its use were
Orsoni and Lemaire,37 Kergin,23 CamaraLopes,8 Montenegro28 and Mustard.30
The blood supply of the colon appeared
to be more reliable for the preparation of
the transplant. The vascular arcade of the
colon is almost as long as the bowel, so
that a straight tube could be formed of

(E s o p h a g u s b y R e t r o s t e r n a l C o l o n ic T r a n s p l a n t

Congenital tracheo
esoph ageal fistula
N o. o f
Op.
cases deaths

Vol. 1

2

0

Terminal ileum to
transverse colon
between branches
of mid colic
artery
Sternum split

20

0

Colon better plastic
material

1

0

Jejunum first tried,
found unsuitable

Im mediate oesophago-colic anas
tomosis
Good result

2

Death from laryngeal
obstruction,
pneumonia
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the mobilized segment, utilizing its entire
length with blood supplied by the middle
colic artery (Fig. 3). This was in marked
contrast with the jejunal tube which was
necessarily redundant and plicated because
of its shorter vascular arcade. However,
the colon does not match the oesophagus
as well for anastomosis, and is bulkier for
placement in the retrosternal tunnel. Mus
tard includes the terminal ileum in his trans
plant and recommends splitting the ster
num if threading the colonic tube through
the retrosternal tunnel is difficult. Peristal
sis of the colonic transplant has been found
sluggish, but Sherman states that the trans
planted colon empties itself rapidly into
the stomach and that no reflux could be
elicited.54
Peptic ulceration at the gastro-colic an
astomosis has not yet been reported, al
though Haight16 records the worrisome
finding of unusually high gastric acidity
and pepsin levels in all his cases of colon
transplant. Sirak and his associates55 re
port the experimental findings that, under
normal conditions, contact with gastric
secretions was found to be well tolerated
by both jejunal and colic segments trans
planted to the inlet of the stomach. When
an ulcer diathesis was simulated both types
were eroded, colon more than jejunum.
The following Table II lists cases re
ported where colon was used for retro
sternal reconstruction of the oesophagus.

fistula where a primary anastomosis was
impossible or dangerous; and carcinoma of
the upper or mid thoracic oesophagus.
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C IC A T R IC IA L STRICTURES OF THE
OESOPHAGUS
In the French journal, Lyon Chirurgical,
for January 1958, there are three articles on
the treatment of cicatricial strictures of the
oesophagus. The first article by Michaud dis
cusses the results of 41 operations for oesopha
geal stricture, 30 after ingestion of caustics
and 11 for stricture following oesophagitis.
Michaud still prefers an oesophageal-gastric
anastomosis to the more commonly implied
jejunoplasty. Twenty-eight persons with a
stricture follow ing swallowing o f caustics were
treated by this type o f anastomosis. The
moment o f choice is considered to be six
months at least after the accident. Only in
one case was the operation performed through
the lower thoracic route alone; all the others
required a preliminary abdominal stage o f
gastrolysis. Michaud warns against the pres
ence o f multiple strictures, and the risk o f
placing the anastomosis between two o f these.
A stenosis should never be resected, and he
performs a side to side anastomosis. In six
cases a stenosis re-formed; in four cases dila
tation cured it and in two a further stomal
resection was needed. Results were spectacular,
especially in children. Radiologically, the
lateral anastomosis gradually becomes more
like an end to end one. Only one patient had
pain which could be attributed to reflux o f
gastric juice.
O f the cases strictured following oesopha
gitis, six were treated by oesophageal-gastros
tomy, one by oesophageal-gastrectomy, one by
an oesophagoplasty with bilateral vagotom y
and one by simple resection o f the stricture.
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R esume
II semble universellement reconnu que le
mediastin anterieur soit le meilleur site pour la
reconstruction totale de l’cesophage. Le principal
facteur regarde 1’irrigation adequate du segment
jejunal superieur qui doit etre anastomose.
Les auteurs rapportent le cas d’un gargon de
sept ans, chez qui ils firent une transplantation
jejunale retro-sternale pour un retrecissement inflammatoire de tout Foesophage thoracique et de
sa portion cervicale inferieure a la suite d’ingestion,
a l’age d’un an et demi, d’une substance corrosive.
Dans la periode post-operatoire, l’enfant presenta
une fistule cervicale qui se tarit, mais qui amena
un retrecissement non dilatable. Une seconde
anastomose fut pratiquee, bientot suivie d’un
nouveau retrecissement; celui-ci cependant repondit bien aux dilatations. L’enfant peut maintenant avaler des solides et se porte bien.

In the second article, Lortat-Jacob o f Paris
bases his statements on experience in 43
cases o f oesophageal stricture after sw allow
ing caustics. In some cases Lortat-Jacob has
left the stomach in place, and reunited
the upper part o f the oesophagus with the
stomach by the interposition o f a loop of
small intestine. This interposition has som e
times caused a dumping syndrome, and the
loop o f small intestine may later show pro
gressive and significant distension. Further
more, a jejunitis with jejunal ulceration may
occur. In some cases the author has perform ed
an antethoracic oesophagoplasty or passed a
loop o f small intestine up through the medias
tinum with subsequent anastomosis through a
cervical incision. He feels that in a case o f
swallowing of caustic soda the patient should
be given cortisone immediately and observed
with frequent dilatation for a num ber o f years.
Surgery should be reserved for absolute cases
o f necessity. H e has also observed five cases
o f oesophageal cancer developing in old stric
tures, and therefore advises rem oving the
affected part o f the oesophagus entirely. He
also suggests experiments in which the mucosa
o f the oesophagus is removed but the muscular
layers are kept.
Damiani and Mattioli of the University of
Bologne described their experience with
oesophageal-gastrostomy after stricture o f the
oesophagus, stressing particularly the hazard of
oesophagitis due to gastric reflux. Vagal section
in such cases may lead to pyloric spasm with
resultant gastric retention favouring a recur
rence o f oesophagitis.
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OBSERVATIONS ON SURGICAL INFECTIONS AND THEIR
TREATMENT0
T. S. WILSON, M.D., F.R.C.S.[C ], Edmonton, Alta.
t h e p a st few years many of the
manifestations of surgical infections seem to
have changed. Admittedly the species of or
ganisms implicated are the same but the
predominance of staphylococcal infections
and the influence of antibiotics, both on the
organisms and on the patient, may have
resulted in the emergence of unusual types
of illness. An increasing number of infec
tions due to Gram-negative bacilli ( Escher
ichia, Aerobacter, Proteus and Pseudo
m onas) has also been seen, and occasional
cases with unusual symptoms have been
encountered. Examples of such cases will
be presented and significant factors in their
etiology and treatment will be discussed.

D u rin g

S t a p h y l o c o c c a l I n fe c t io n s

As a rule staphylococcal infections tend
to be localized and consist of such con
ditions as wound infections, furuncles and
carbuncles, paronychias and breast ab
scesses. Axillary “sweat gland” furuncles
and abscesses are common and particularly
troublesome. Many infections are now due
to organisms resistant to one or more of
the commonly used antibiotics. The sig
nificance of this observation is obvious in
relation to therapy but debatable in re
lation to etiology. Certainly the following
are examples of infections by no means
“new” but only rarely seen in pre-anti
biotic days. These cases have been seen
in the past three years.
1. Staphylococcal Pneumonia
We have had five deaths from this after
elective operations. The sputum is charac
teristically thick and tenacious, and the
infection intimately surrounds the smaller
bronchioles. The type of inflammatory pro
cess makes it difficult for antibiotics to
reach the organism. The pneumonia is a
bronchopneumonia. Characteristically it de
velops in older, poor risk patients or in
°From the Departments of Surgery and Bacteri
ology, University of Alberta, and from the Uni
versity of Alberta Hospital.

the very young, but it occasionally affects
otherwise healthy adults. The mortality
rate is high—in our experience 40%. The
following case report is illustrative.
C ase 1.—Mr. E.R.: This 60 year old man
had a right inguinal hernia repair on January
13, 1956. On January 16, cough and fever
developed and he was given penicillin. On
January 18, he began to cough up thick,
tenacious sputum, slightly tinged with blood.
Culture of the sputum yielded Staphylococcus
aureus, sensitive to eiythromycin, chloram
phenicol (Chloromycetin) and streptomycin.
He was given erythromycin and massive doses
of penicillin. By January 20, the wound had
healed primarily, but he was desperately ill
with fever, rapid pulse, dyspnoea, and some
cyanosis. He died on January 28. An autopsy
revealed a typical staphylococcal pneumonia.

2. Parotid Gland Infection with Abscess
Formation
We have had four cases of parotid in
fections that have gone on to abscess form
ation despite deep x-ray therapy, although
radiologists claim that these infections can
be aborted if they are treated early. The
following case is a typical example.
C ase 2.—Mr. A.G.: This 75 year old man
had a cholecystectomy on October 27, 1955,
for subacute cholecystitis and cholelithiasis. He
developed considerable postoperative ileus, and
had Wangensteen suction and intravenous
therapy for five days. On November 1, 1955,
pain, redness and swelling were noted in the
region of the left parotid gland. X-ray therapy
was begun the same day and continued daily
for four days, a total of 400 r being given.
However, fluctuation was noted on November
6, and a parotid abscess was incised and
drained under local procaine. Culture yielded
Staphylococcus aureus, sensitive to eiythromy
cin, chloramphenicol, the tetracycline group
and streptomycin. He was placed on erythro
mycin and the process gradually subsided. He
was discharged from hospital on November
25, 1955.

July 1958

SURGICAL INFECTIONS

Recently we have had two more cases
of acute postoperative parotitis which did
not respond to irradiation. A small incision
was made in the capsule of the parotid
gland under local procaine, and over the
most tender portion of the gland, with
dramatic relief of pain and swelling, al
though no pus was obtained. These cases
did not go on to suppuration. Incision of
the capsule of the parotid gland to relieve
tension was first described by Gilchrist.1
3. D e e p A bscess in B u ttock F ollow in g
Intram uscular In jection
There have been four cases of deep ab
scess in the buttock. The primary responsi
bility must be ascribed to haematoma
formation, but the infecting staphylococcus
probably comes from the patient’s skin or
the nurse’s hand, since it is unlikely that
the needle was unsterilized. W e now pre
pare the skin with 2% tincture of iodine,
allow it to dry, give the injection, and then
take off the excess iodine with alcohol.
Many of our surgeons are going back to
this skin preparation in the operating-room,
since our bacteriologists have found it most
effective in “sterilizing” the skin. The fol
lowing case report is illustrative.
C a se 3.—Mrs. M.D.: This 35 year old wo
man had a cholecystectomy for chronic chole
cystitis and cholelithiasis on March 21, 1957.
Her postoperative course was uneventful. She
received no antibiotics but had several intra
muscular injections of meperidine (Demerol)
into the buttock. She was discharged from
hospital on April 2, 1957.
On April 17, she was readmitted with a
red tender swollen mass over the right buttock.
This was incised and drained the same day
and 500 c.c. of pus evacuated. Culture showed
Staphylococcus aureus, sensitive to penicillin
and all the other antibiotics. Her condition
rapidly improved and she was discharged on
April 20, 1957.

4. S tap h y lococcal Septicaem ia
W e have had 10 cases, five after trans
urethral resection of the prostate. After
this operation a bacteraemia is fairly com
mon and Gram-negative rods are usually
considered the chief invaders. In recent
years blood cultures have been taken more
regularly from such cases and a number of
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septicaemias have been proved to be due
to staphylococci. In other patients staphylo
coccal septicaemia may be more frequently
suspected but the following case illustrates
another unusual occurrence. In the old
days most septicaemias following burns
were caused by haemolytic streptococci.
C a se 4.—Mr. A.C.: On June 3, 1957, this
42 year old man suffered a thirty per cent
burn, mostly superficial and on the anterior
chest, both arms and lower legs. He was given
intramuscular penicillin prophylactically, and
was reasonably well for one week. On June
10, he developed tachycardia and a swinging
fever with temperature up to 105° F. The
antibiotic was changed to chloramphenicol. He
became irrational, and high fever and rapid
pulse continued. He developed clinical symp
toms of meningitis, although this was not con
firmed by spinal puncture, because of burns
in the lumbar area. On June 12, a blood cul
ture yielded Staphylococcus aureus, sensitive
only to erythromycin. He was given erythromy
cin 3 g. daily by mouth, and intramuscular
aqueous penicillin, 3,000,000 units daily. On
this regimen he improved slowly, but ran a
swinging fever with tachycardia for six weeks.

W e have not seen P seu d om on as p y ocy a n ea septicaemia following burns as de
scribed in the literature,2 perhaps because
cultures have not been taken often enough.
5. S tap h y lococcal In fectio n a t D rain ag e
Sites
After operation such as cholecystectomy,
a drainage tube is often inserted and
brought out through the incision or through
a separate stab wound, more often the lat
ter. If these drainage tubes are left for a few
days, the surrounding skin frequently b e
comes infected, usually with S ta p h y lo co ccu s
aureus. The following case illustrates this
point.
C a se 5.—Mrs. M.H.: This 67 year old wo
man had a cholecystectomy for chronic chole
cystitis and cholelithiasis on January 29, 1957.
A Penrose drain was inserted into Morison’s
pouch and brought out through a separate
stab wound in the right upper quadrant. The
drain was removed on February 4, the sixth
postoperative day, and on the same day chlor
amphenicol was given because of moderate
inflammation at the stab wound. The right

352

CANADIAN JOURNAL OF SURGERY

rectus wound healed primarily, but when the
patient was discharged on February 10, the
12th postoperative day, there was some red
ness and induration at the drainage site. One
week later, at home, she was found to have
considerable redness and swelling at the drain
age site and a temperature of 100° F. Follow
ing the application of hot soaks for a day, an
abscess formed and drained spontaneously. The
pus contained Staphylococcus aureus, sensitive
to chloramphenicol and erythromycin.

In the following case S ta p h y lo c o ccu s
a u reu s may have progressively invaded the
drainage tract, to set up an abscess in the
subhepatic space.
C a s e 6.—Mrs. W .A.: This 65 year old patient
had a cholecystectomy for chronic cholecys
titis and cholelithiasis on February 14, 1957.
A drain was brought out through a stab wound
in the right upper quadrant. Because of tem
perature elevation, chloramphenicol was given
from the second postoperative day. The drain
was left in longer than usual (eight days) be
cause of a slight serosanguineous exudate
around the tube, but it was finally removed
on February 22. At this time the main rectus
incision had healed, but there was some “re
action” around the drain. Culture from the
stab wound on February 25, 1957, revealed
S taphylococcu s aureus, sensitive to all anti
biotics. Fever with temperatures ud to 102° F.
continued and some tenderness developed in
the right upper quadrant, under the liver. On
February 27, a subhepatic abscess was drained.
Culture now yielded Staphylococcus aureus,
insensitive to penicillin but sensitive to ery
thromycin. Her temperature slowly settled
down and she was finally discharged from
hospital well, on March 18, 1957.

6. S ta p h y lo c o c c a l In fe c tio n s o f H o sp ita l
P e rso n n el

W e have had several cases of nurses and
doctors who developed hand infections
after working with patients infected with
S ta p h y lo c o c c u s au reu s. Often the infecting
organism is of the same phage type as the
organism affecting the patient, and is pre
sumably the same strain. Phage Type 81
has been dominant during the past year.
One student nurse almost died of a sta
phylococcal infection, as is illustrated by
the following case report.
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C a s e 7.—Miss L .E .: A 20 year old student
nurse was admitted to hospital on March 23,
1955, because of a pustule on the left side
of the nose with surrounding cellulitis of 48
hours’ duration. She was given penicillin,
streptomycin and tetracycline (Achromycin),
but the infection spread, accompanied by a
swinging temperature from 104° to 99°F. Re
peated blood cultures were negative. However,
on March 27, she had severe chest pain and
dyspnoea and subsequently bilateral pleural
effusions and bronchopneumonia. The nasal
infection suppurated and culture vielded Sta
p hylococcu s aureus, sensitive to chlorampheni
col and erythromycin. She was given ery
thromycin, 2 g. daily. On March 28, she had
severe abdominal pain with some tenderness
and splinting all over, and the possibility of
staphylococcal peritonitis was considered. At
this time she was irrational. She was treated
conservatively. Temperature and pulse gradu
ally subsided to normal by April 7, and she
was discharged from hospital on April 22,
1955.

This case illustrates the danger to any
one working with patients in hospitals
heavily contaminated with S ta p h y lo c o c c u s
au reu s.

7. S ta p h y lo c o c c a l In fe c tio n s D e v e lo p in g
in I h e m a t o m a s

Sometimes a staphylococcal infection will
develop in a haematoma, weeks or even
months later. The following case report is
illustrative.
C a se 8.—Mr. N.C.: This 17 year old man,
a cement carrier, developed a small haematoma
on the outer aspect of his left hip from carry
ing bags of cement, on May 1, 1957. He was
admitted to hospital on June 12 with a huge
fluctuant swelling involving both anterior and
posterior aspects of the left hip, buttock and
perineum. He had lost a considerable amount
of weight, about 30-40 lb., and his appearance
immediately suggested carcinomatosis or some
other malignant lesion. However, a needle was
inserted into the fluctuant mass on the outer
aspect of the left hip and 2000 c.c. of creamy
pus was aspirated from the subcutaneous tis
sues. The pus yielded Staphylococcus aureus,
sensitive to all antibiotics. Subsequently fur
ther collections of pus drained spontaneously
from his left buttock and perineal regions. He
was finally discharged from hospital on July
14, 1957.
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8. Mixed Staphylococcal Infections
Combined infections with /J-hasmolytic
streptococci seem to be more common
and more serious. The disease process often
looks clinically like a pure streptococcal
infection, and the danger is that it may be
treated as such. Though penicillin has for
tunately remained entirely effective against
such streptococci, it may be ineffective in
the usual doses against a combined in
fection. Staphylococci, if penicillin-resistant,
may elaborate a penicillinase which inter
feres with the action of the antibiotic in
the local lesion. In such cases penicillin
must be given in massive doses and should
be combined with an antibiotic to which
the associated staphylococcus is sensitive.
Such phenomena certainly support the
policy of routine use of antibiotic com
binations, but we believe they should be
used only on specific indication because
penicillin and the broad spectrum group
(including chloramphenicol) do not po
tentiate each other and may even be an
tagonistic.3
T r e atm en t of Sta ph y lo co cc al
I nfections

Any discussion on therapy must be pre
faced by due emphasis on prevention.
Especially in hospitals every case of sta
phylococcal disease must be considered as
a potential spreader of infection to other
patients and to staff, and treatment must
include active steps to minimize the risk.
In this hospital the wound infection rate
in clean cases has dropped from 6% to
1% over the past two years. This has been
achieved by a concerted effort on the part
of the whole staff — surgeons, interns,
nurses, bacteriologists — with special at
tention to cleanliness and surgical aseptic
techniques. Good surgical technique has
been emphasized because most wound in
fections appear to develop in haematomas,
large or small. Consequently much attention
has been paid to the control of bleeding
points and to the careful application of
sutures. Infected cases have been promptly
isolated in an infection ward, and dressing
techniques of clean cases have been thor
oughly revised. The surgeon himself is
probably the greatest culprit in the spread
of infection, “peeking” under dressings and
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using his bare hands to change dressings.
He is also the most dangerous in harbour
ing penicillin-resistant staphylococci in his
nose, throat, hands and clothing, for the
more senior the doctor and nurse at the
hospital the more likely they are to be
carriers of such organisms. A new attitude
to hospital hygiene has also developed. The
observations of Colbeck* and others on the
frequent heavy contamination with sta
phylococci of blankets, mattresses, pillows
and linen have been confirmed. Cotton
articles have been adequately decontamin
ated by our normal laundry procedure, but
blankets and mattresses have had to be ex
posed to dry heat up to 185° F. for several
hours. Methods of chemical sterilization
are being examined. Maximum use has
been made of all available facilities by
which bacterial contamination may be re
duced. All articles able to stand steam steril
ization have been autoclaved. Washbasins,
bathtubs, toilets and floors have been
swabbed regularly with 1:1000 aqueous
Zephiran or scrubbed with Lysol.
Our revised approach to surgical therapy
has emphasized a limitation of the use of
antibiotics. Minor wound infections and
boils do not require these drugs. Wounds
must be opened and drained; furuncles
must be poulticed. Paronychias are com
mon, and if seen early may be treated
successfully with deep x-ray. Antibiotics
will sometimes cure but so will hot soaks.
Once the infection is established the only
sure treatment is removal of the base of
the nail, and concomitant antibiotics need
not be given. Pulp space infections, web
space infections, and deep palmar space
infections are rare—they should be drained.
Carbuncles are probably best unroofed
with the cautery, cultures taken, and chlor
amphenicol or erythromycin given empiric
ally until bacterial sensitivities have been
reported.
Breast abscesses must be incised and
drained widely, sometimes with “through
and through” drainage. Antibiotics will oc
casionally abort an infection, but surgery
is the only sure treatment. These patients
should be given antibiotics, and chloram
phenicol and erythromycin appear to be
those most frequently indicated by our
sensitivity tests.
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The danger of infection at drainage sites
seems to be much reduced by the earlier
removal of drains, say in 24 to 48 hours.
I n f e c t i o n s M o d if ie d b y A n t ib io t ic s a n d
O th er D rugs

Delayed or Masked Infections
The character and natural history of
intra-abdominal suppuration have changed
considerably. In former years these infec
tions appeared early; nowadays, with anti
biotic therapy patients will often go home
apparently well and then return days or
even weeks later with a wound infection
or an intraperitoneal abscess. In recent
years several patients have been seen with
subphrenic abscesses which have devel
oped extremely slowly, with little fever or
general reaction. The nature and situation
of such suppurative processes are often ex
tremely difficult to elicit, particularly in the
subphrenic group. The complete withhold
ing or withdrawal of antibiotics for three to
four days often helps to localize the pro
cess for diagnosis.
Case 5 is an example of delayed intra
peritoneal abscess formation, but the fol
lowing instance of late pelvic suppuration
is even more interesting. A number of cases
of this type have been seen in recent years.
C ase 9.-M rs. A.R.: This 5 5 year old wo
man had a ruptured appendix with appen
dectomy on March 2 5 , 1957. The culture
report indicated a predominance of alphahaemolytic streptococci in the usual intestinal
flora. She had chloramphenicol for one week
after operation. On the 10th day a wound in
fection was noted and culture showed Sta
phylococcus aureus, sensitive to chlorampheni
col and erythromycin. This subcutaneous ab
scess was unroofed, but resolution of the in
fection proceeded slowly. She was discharged
home on April 20, 1957. Ten weeks after her
operation, on June 3, she was readmitted with
a swinging fever and a softening mass in the
pelvis, palpable on rectal examination. This
pelvic abscess was drained on June 6, but she
remained in hospital and ran a fever for seven
more weeks. E. coli was the only organism
present in the pus.

This case also emphasizes the fact that
the bacteriological flora may change, mak
ing repeated cultures every five to six days
worth while.
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Superinfections ( Superimposed
Infections) of the Gastrointestinal Tract
During the past few years, there have
been many reports of cases of enterocolitis
or pseudomembranous enterocolitis. These
may be the same lesion—one with a mem
brane and one without. This disease has
been recognized since 1893,5 and many cases
were reported in the pre-antibiotic era. In
1954, Pettet6 reported 94 cases from the
Mayo Clinic. It occurs in medical diseases
without operation, after gastrointestinal
tract operations, and after operations else
where. Since 1950, the incidence of the
disease appears to have increased in post
operative patients, and particularly those
taking broad spectrum antibiotics, especi
ally the tetracycline group. The disease
was originally thought to be due to post
operative shock but there is an increasing
volume of evidence that it is often caused
by Staphylococcus aureus, which multiplies
in the intestinal tract of patients whose
bacterial flora has been changed—by anti
biotics or other things. The ordinary coliform organisms of the intestinal tract ap
pear to inhibit the staphylococcus.
Since 1954, we have had seven cases of
this disease coming to autopsy. Antibiotics
had been given in five, and four of the
five had received broad spectrum drugs.
No operation had been carried out in four
cases, laparotomy in the other three. All
were older debilitated patients, the average
age being 70. Diarrhoea was the presenting
symptom in all cases, along with electro
lyte imbalance and shock. Other presenting
symptoms were nausea and vomiting and
abdominal distension. Staphylococcus aur
eus was cultured from the stool in four of
the seven cases.
The following patient developed pseudo
membranous enterocolitis postoperatively,
and Staphylococcus aureus was cultured
from the stool. He had no antibiotics, and
the case is described simply to illustrate
the fact that antibiotics are not invariably
responsible for such conditions.
C ase 10.—Mr. H.F.: This 69 year old man
was admitted to the University Hospital on
July 17, 1954, with a posterior myocardial
infarction. On July 24, he developed a bowel
obstruction and after three days of conserva-
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five therapy, laparotomy was carried out for
a volvulus of the small bowel. The volvulus
was untwisted. Postoperatively, intractable
diarrhoea ensued, with electrolyte imbalance.
Death occurred on August 11, after a lengthy
period of auricular fibrillation and shock. At
autopsy, the large bowel presented a remark
able picture in that the entire mucosal surface
was studded with a multitude of small, raised,
oval, whitish-yellow, friable, waxy plaques.
On microscopic examination these were seen
to be made up of fibrin, with a sparse ad
mixture of platelets, degenerating white blood
cells and gram-positive cocci in clumps. A
culture of Staphylococcus aureus was obtained
from the large bowel. There was also a healing
myocardial infarct.

Treatment of this disease is difficult, and
the mortality rate is high. General measures
include stopping the antibiotic the patient
is taking, stool cultures, erythromycin for
the presumed staphylococcus infection,
blood and electrolytes for shock, and per
haps ACTH or cortisone to improve the
patient’s response to stress. As a rule we
are against giving steroids to patients with
infections, but very occasionally in fulmin
ating cases they have seemed useful.7
Infection of Joints
Two cases have been seen recently fol
lowing hydrocortisone injection of knee
joints elsewhere. Both patients developed
a suppurative arthritis with considerable
morbidity and long term hospitalization.
Both infections were caused by Staphylo
coccus aureus. The danger of infecting
joints during any process of injection or
aspiration is widely recognized and great
care is regularly taken. The coincidental
occurrence of these two accidental infec
tions raises the question of the contributory
effect of the steroid drugs, particularly in
view of their known suppression of re
action.
I n fectio n s W it h G r a m -negative
B a c il l i

These infections appear to be more com
mon now, mostly in older people and es
pecially in men with urological conditions.
The organisms involved are E. coli, Proteus
sp., Aerobacter aerogenes, Pseudomonas
aeruginosa (pyocyanea) and paracolon bac
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illi. Infections generally are localized but
may be invasive. Of special interest is the
blood stream invasion which often follows
surgical operations but may occur spon
taneously. This is frequently responsible
for a shock-like condition.7 After a trans
urethral resection, for instance, a patient
may be found pulseless, with very low or
no detectable blood pressure, sweating,
and even cyanotic, with peripheral vas
cular collapse indistinguishable from oligaemic shock. Blood cultures, repeated if
necessary, should always be carried out
on such cases even in the absence of high
fevers and rigors.
The following case illustrates an infec
tion of the above type.
C ase ll.- M r . O.F.: Since 1930, this 60
year old man had suffered from a traumatic
urethral stricture which required repeated
dilatation. On occasion he had a right pyelo
nephritis. On February 5, 1954, he was ad
mitted with a 48-hour history of anterior chest
pain, chills and fever. On the day after ad
mission, he had severe retrosternal pain. His
electrocardiogram was normal, but the blood
pressure continued to run at 100/60 mm. Hg
which was low for him because his normal
blood pressure was 140/80. Chills and tem
peratures up to 105° F. persisted. A blood cul
ture taken on February 9, 1954, grew paracolon
bacillus, sensitive to terramycin (oxytetracycline), chloramphenicol and streptomycin. He
was given intravenous terramycin, and sub
sequently his temperature fell to normal in
three days and remained normal. He was dis
charged on February 18, 1954. It is note
worthy that, although he had chills and fever,
his presenting complaint was anterior chest
pain due to coronary insufficiency, although
the E.C.G. was normal.

The hypotension associated with the
shock-like state common in these infections
may well cause angina pectoris in an
elderly man. In our experience the anti
biotic most likely to be effective is chlor
amphenicol and it may well be used em
pirically until specific bacteriological in
formation is available.
Present Position of Antibiotics in
Prophylaxis and Treatment
Antibiotics are invaluable both for pre
vention and treatment of surgical infections,
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but they must be used with discretion.
Nolen,8 reporting on the use and abuse of
antibiotics in a small community, claimed
that 90% received antibiotics of some kind
over a five-year period, and that in 53%
their administration was not warranted.
Half of all prescriptions written are for
antibiotics, and they account for one-third
of the drug bill. In our own hospital, in
November 1955, when we were becoming
aware of the problem, 30% of postoperative
surgical patients received an antibiotic of
some kind. It seems almost criminal to
give a potent drug, with a possible un
desirable toxic reaction, for such illnesses
as the common cold, influenza, “fever”
without a diagnosis, and so on. The effect
of the indiscriminate use of these drugs, in
increasing the percentage of resistant bac
teria and in increasing the difficulty of
treating infections caused by them, is now
well known and bitterly lamented. In 1943,
almost 100% of staphylococci were sensi
tive to penicillin, but in 1956, in the Edmon
ton area, only 20% of staphylococcal in
fections occurring in hospital were sensitive
to penicillin. Fortunately, 95% of staphylo
cocci have remained sensitive to chloram
phenicol (Chloromycetin), 90% to ery
thromycin, and approximately 50% to the
tetracyclines. As yet, only a few staphylo
cocci in hospital are resistant to novobiocin
( Cathomycin), fully 98% being sensitive
in vitro. How long these favourable sensi
tivities will last is unknown, but it seems
probable that the percentage of resistant
strains will increase in direct proportion to
the amount of antibiotics used.
Antibiotic prophylaxis in surgery is most
useful in procedures involving the bowel.
Neomycin, with or without a non-absorbable sulfonamide, such as Sulfathalidine,
given by mouth for 48 hours before an
operation, will virtually sterilize the bowel.9
Neither drug is absorbed from the gut and
reactions have been few or non-existent.
Many excellent surgeons give no anti
biotics for bowel preparations, relying on
sulfonamides and simple cleansing pro
cedures.
Otherwise, antibiotic prophylaxis should
be limited to severe traumatic lesions in
volving injury to muscle, to severe burns,
to operations for rheumatic or congenital
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heart disease, and to surgery for osteo
myelitis or lung infections. Penicillin is still
most likely the prophylactic antibiotic of
choice.
Antibiotics should never be administered
prophylactically in the ordinary “clean”
case, such as suture of a clean laceration,
appendectomy, cholecystectomy, gastrec
tomy, hernia repair, meniscectomy, disc
removal, bone grafts, or arthroplasty.
When actual contamination has occurred,
as in a ruptured appendix, perforated ulcer
or gallbladder, a culture should always be
taken at operation, and antibiotic adminis
tration started. A combination of penicillin
and streptomycin, such as Dicrysticin, given
intramuscularly, will be effective against
both gram-positive and gram-negative or
ganisms, but bacteria rapidly develop a
resistance to streptomycin, and it should
be used no longer than five days. Latterly
for this sort of case, we have been using
chloramphenicol, effective against both
gram-positive and gram-negative organisms
and usually against penicillin-resistant sta
phylococci.
Summary

Some of the problems with surgical in
fections encountered over the past three
years in a large hospital are noted, with
relevant case histories.
By far the commonest infecting organism
is Staphylococcus aureus, but we are be
coming increasingly aware of gram-negative
bacillary infections, and of mixed infections.
Tetanus is seen perhaps once every three
or four years, and true gas gangrene (Cl.
w elchii myositis) once yearly. Acute hem a
togenous osteomyelitis is almost a medical
curiosity.
Prevention depends on surgical asepis
and techniques in the operating-room, sur
gical cleanliness on the wards, and the
strict isolation of all infected cases. Doc
tors and all those concerned in the treat
ment of patients must develop and keep
a “surgical soul”.
Once infection has developed, treatment
must be carried out along well-established
principles. Once localized, infections should
be surgically drained; antibiotics are of
secondary importance. Cultures should al
ways be taken, and sensitivity tests done.
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The latter are extremely important, par
ticularly in the treatment of invasive in
fections. Blood cultures should be taken
more frequently. Since the bacteriological
flora may change in an infected wound or
abscess, repeated cultures at intervals are
helpful. In fulminating infections, where
no bacteriological diagnosis can be made,
antibiotics should be administered on the
basis of clinical judgment.
Whenever antibiotics are used, they
should be given in full doses, and con
tinued until the infection is under control.
If there is no response, one must suspect
an insensitive organism (tubercle bacillus,
fungus), necrotic bone or foreign body,
malignant disease or debilitation of the
patient. Antibiotics cannot reach “deep”
abscesses or situations where the blood
supply is impaired. As a rule the “local”
use of antibiotics is unwarranted, except
in unusual circumstances such as injection
into a joint in a pyogenic arthritis, or into
a sheath in suppurative tenosynovitis, or
into the pleural space.
Combinations of antibiotics probably
should only be used in exceptional cases,
such as in mixed infections, with staphylo
cocci and streptococci or with staphylococci
and gram-negative bacilli. Shotgun treat
ment with mixtures of many antibiotics is
unscientific, expensive, often dangerous to
the patient, and results in the emergence
of more resistant strains.
With so many patients on antibiotics, the
problem of delayed or masked infections
is becoming increasingly important, par
ticularly in abdominal surgery. Also, be
cause of the change in bacterial flora, super
infections have appeared, although these
were seen occasionally before antibiotics
were used. For these reasons, and because
of the emergence of resistant strains, the
prophylactic use of antibiotics should be
discouraged.
A ckn o w led g m en t

The author gratefully acknowledges the assist
ance of Dr. R. D. Stuart, Professor of Bacteri
ology, University of Alberta, in the preparation
of this paper.
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R esu m e
Les problemes que soulevent les infections chirurgicales vues dans un grand hopital au cours des
trois dernieres annees forment l’objet de cet a r
ticle. La plus grande source d’infection est sans
doute le Staphylococcus aureus quoique certaines
infections mixtes et d’autres a bacilles Grarnnegatifs aient recemment pris de Fimportance. Le
tetanos apparait environ une fois tous les trois ou
quatre ans et la veritable gangrene gazeuse (Cl.
welchii myositis) environ une fois par annee. L ’osteomyelite hematogene aigue est maintenant releguee a l’etat de curiosite medicale. L a pre
vention repose sur la perfection de l’asepsie
chirurgicale et de la technique des salles
d’operation, sur une properte chirurgicale des
salles et sur l’isolement rigoureux de tous les cas
infectes. Les medecins et tous ceux qui ont affaire
aux malades ne doivent jamais perdre ce point de
vue.
Lorsque Finfection se declare il faut conduire
le traitement d’apres des principes bien etablis.
Une fois localisee Finfection doit etre drainee
d’une maniere chirurgicale, les antibiotes ne possedent alors qu’une importance secondaire. II
importe d’obtenir dans chaque cas une culture
bacteriologique et de pratiquer l’antibiogramme.
Ce dernier prend une importance considerable
dans le traitement des infections non localisees.
On devrait avoir recours aux hemocultures plus
frequemment. Puisque la flore bacterienne a ten
dance a varier dans une plaie infectee ou dans
un abces il est utile de repeter les cultures a
certains intervalles. Dans les infections foudroyantes ou il est impossible de poser un diagnostic
bacteriologique les antibiotiques doivent etre em-
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ployes d’apres le jugement clinique. Lorsqu’on y
a recours, ces antibiotiques doivent etre donnes
a pleine dose et maintenus jusqu’a ce que l’infection soit jugulee. Si les resultats se font attendre on doit soupsonner la presence d’un mi
crobe resistant (bacille tuberculeux, champignon
etc.) de sequestre osseux ou de corps etranger,
de neoformation, ou de debilite generale du malade. Les antibiotiques ne peuvent atteindre les
abces profonds ou les territoires ou 1’irrigation
sanguine est pauvre. En general 1’emploi local
d’antibiotiques n’est pas justifie sauf dans des
circonstances exceptionelles telles que l’infection
d’une articulation au cours d’une arthrite pyogene,
dans une game au cours d’une tenosynovite suppuree, ou dans 1’espace pleural.
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Les combinaisons d’antibiotiques devraient
probablement n’etre employees que rarement
comme dans les infections mixtes avec staphylocoque et streptocoque ou avec staphylocoque et
bacille Gram-negatif. Le traitement plurimedicamenteux a melange d’antibiotiques en plus de ne
pas etre scientifique est toujours couteux et souvent dangereux puisqu’il donne lieu a l’apparition
de souches resistantes. Avec 1’usage courant des
antibiotiques le probleme des infections masquees
revet une importance croissante, surtout en chirurgie abdominale. Les surinfections que l’on voyait quelquefois avant 1’ere des antibiotiques sont
maintenant devenues plus frequentes. Ces re
marques forment autant de raisons qui s’opposent
a l’emploi prophylactique de ces medicaments.

EM BO LECTO M Y FO R ACUTE M ESENTERIC VASCULAR OCCLUSION0
ALAN A. KLASS, M.D., F.R.C.S.(Edin. & C ), W innipeg, Man.

Although the removal of intra-arterial
obstructions t with successful re-establishment of blood flow is an accepted method
in vascular surgery, this procedure has not
been generally attempted in cases of oc
clusion of the superior mesenteric artery.
Possibly this is the price of surgical special
ization. Vascular surgeons are not called
to an “acute abdominal emergency”, and
abdominal surgeons are not vascular sur
geons, either by training or by outlook.
Before change (from the current pro
cedure of massive bowel resection to re
moval of the obstructing element within
the superior mesenteric artery) can be ac
cepted, certain fundamental questions need
to be answered.
Firstly; can the circulation in the sup
erior mesenteric artery and its branches
be restored by removal of the obstructing
thrombus?
Secondly; can the viability of the bowel
wall be restored by this procedure?
“From the Departments of Surgery, University of
Manitoba and Winnipeg General Hospital.
Read before the surgical section at the Annual
Meeting of the British Medical Association at
Newcastle-on-Tyne, July 18, 1957.
tThe problem whether the obstructing element
within the vessels is a true embolus, cast down
from elsewhere, or a thrombus formed in situ is
not pertinent to this presentation and unimportant
to emergent surgical treatment. The term “em
bolectomy” is here used to indicate the surgical
removal of an obstructing intra-arterial plug, what
ever its origin may be.

Thirdly; since there must be a point in
time at which irreversible cellular changes
take place (in spite of the restoration of
arterial flow), what is the critical period
within which this procedure is likely to
succeed?
Present Status of T reatment
In 1951 and 19531’ 2 the author reported
the first two cases of superior mesenteric
arterial embolectomy. Since then, seven
additional cases (of which the author has
some detailed knowledge) have been op
erated on. In June 1957, Dr. Robert Shaw
of Boston, Mass., in a personal communi
cation,3 reported the first three successes
resulting from this procedure. Although
the number is insufficient to make per
centage estimations, this is three successful
cases out of the known seven—a result
better than any previously reported by re
section. Enough experience has now ac
cumulated to state categorically that em
bolectomy rather than extensive bowel
resection is the procedure to be preferred.
The following statements can be made
with a reasonable degree of assurance:
1. Circulation within the superior mes
enteric artery and its branches can be re
established by the removal of an obstruct
ing thrombus. It is important that this
observation be emphasized, because this
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cannot be said about all medium-sized
arteries (e.g. the popliteal).
2. Since there must be a point in time
at which irreversible cellular changes take
place (in spite of subsequent restoration
of blood flow), what is the critical period
during which embolectomy is likely to suc
ceed? My original assumption, based upon
muscle necrosis in limb embolism, was 12
hours from the onset. However, one of
Dr. Shaw’s successful cases was in a patient
operated upon 20 hours after the event.
The danger to avoid is the acceptance of
a simple diagnosis of “intestinal obstruc
tion” and to be lulled into a state of false
security by intestinal intubation, beyond—
away beyond—the point of no return.
3. The viability of bowel can be re
stored in nearly all of its extent by this
procedure. One cannot always be certain
that the restoration will extend to every
square centimetre of the vast extent of
bowel surface. Because gangrene in a rela
tively minute area may produce a lethal
peritonitis, it is best to exercise caution
and in any questionable case to re-explore
the abdomen 24 hours after the first lap
arotomy. At this time, if a segment of
bowel has remained without blood supply,
it can be resected. Lives will be saved by
such a “second look”.
Mesenteric arterial occlusion is not diffi
cult to recognize at its immediate onset if
the following three criteria are kept in
mind (Figs. 1 and 2): (1) It occurs almost
invariably after the age of 50. (2) It oc
curs in individuals with known or easily
recognizable cardiovascular disease. (3) It
occurs suddenly with abdominal pain.

Pre d isp osin g Factors in M esenteric O cclusio n

Fig. 1.—The bar indicates that, out of a total
of 60 cases, 52 occurred in persons with known
cardiovascular disease. Seven were postoperative
and only one had no notable predisposing factor.

bowel doomed to die if blood supply is not
restored. At the other extreme, small bowel
seen 25 hours after arrest of circulation3
“was black in about one-half of its extent.
Upon re-establishment of circulation the
black small bowel became pink.” Fortyeight hours later the abdomen was re
explored. “The small and large bowel was
found to be oedematous but of good col
our.” This patient, 37 days after the in
farction, was healed, afebrile, eating well
and gaining weight. Surely our criteria
of bowel viability require re-assessment in
those cases where circulation is restored.
Another area of investigation is of special
interest to physicians and to radiologists.
Studies upon survivors of this operation
have demonstrated deficiencies in small
bowel absorption patterns.5 Radiological
surveys have shown multiple segments of
Pre d isp osin g Factors in M esenteric O cclu sio n

C linical C onsiderations

Two interesting fields of clinical investi
gation have been opened up by the per
formance of this operation. One is the
re-examination of the answer to the ques
tion “What is non-viable bowel?”, especially
directed to bowel when blood supply once
arrested may subsequently be restored.
At one end of the scale, bowel seen up
to 12 hours after complete cessation of
circulation may appear nearly normal.
There may be some degree of contraction
and the colour may be only a minor shade
removed from the normal pink. Yet it is

5 15 25 35 45 55 65 75 85
AGE

Fig. 2.—The graph illustrates the sharp rise at
the age of 52. If corrected for population, the
line would continue to rise after the age of 55,
although not as steeply. (After Johnson and
Bagenstoss.4)
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narrowed bowel, although the survivors look”. Only at this time should local re
(apart from some loss of weight) have section if necessary be performed. Un
remained asymptomatic. These findings doubtedly such staging of the operation
have led to speculation about the occur will save lives. The performance of an
rence of non-lethal episodes of mesenteric embolectomy together with resection at the
occlusion in the elderly, perhaps due to one operation is more than these elderly
an obstruction of a small branch compen cardiac cripples can withstand.
sated by collaterals.
Hawkins15 has reported a case of jejunal
C onclusion
stenosis subsequent to recovery from mes
From observations made in a growing
enteric artery occlusion. Both radiological series of cases it seems reasonable to draw
and gross pathological appearances were the following conclusions:
identical with those in Crohn’s disease. Is
1. Extensive resection of bowel as a
it possible that in the elderly, so-called primary procedure in superior mesenteric
Crohn’s disease may be a manifestation artery occlusion should now be abandoned
of localized ischaemia from non-fatal in favour of embolectomy.
mesenteric artery branch obstruction?
2. Circulation within the bowel wall
That untitled but familiar syndrome, oc compatible with conservation of the major
curring in the elderly, of an attack of ab portion of bowel can be assured by this
dominal pain, some disturbance of bowel procedure.
function associated with loss of weight,
3. Bowel may survive total deprivation
and a sharp increase in erythrocyte sedi of blood supply up to 25 hours.
mentation rate—all leading to a strong sus
4. After restoration of blood flow, if some
picion of cancer and often ending in a doubt exists as to bowel viability, ex
surgical exploration with negative findings ploration should be repeated in 24 hours
—is this possibly a “mesenteric stroke”?
and segmental resection, if necessary,
should be performed at this second stage.

T he O pebation

Details of operative technique have been
previously reported ( Klass1' 2 and Shaw5)
and need not be repeated here. These
points however require emphasis:
1. During the operation, care should be
taken to secure all mesenteric vessels, even
apparently minute ones, that may be cut in
the exposure of the superior mesenteric
artery. These may bleed only after restor
ation of blood flow in the area of the
superior mesenteric supply. In one of our
cases, postoperative bleeding from these
vessels, aggravated by the use of heparin,
led to a fatal termination ( in spite of the
restoration of viability to the bowel dem
onstrated at autopsy).
2. Heparin should not be used postoperatively. Sufficient reliance can be
placed on flow velocity in a major artery to
prevent re-formation of thrombus at the
site of incision into the vessel.
3. If, after the restoration of blood flow,
any doubt exists regarding the viability of
any segment of bowel, the abdomen should
be re-explored in 24 hours for a “second

A ddendum

Since the writing of this paper, an important
contribution to the field of acute and chronic
thrombosis of the mesenteric arteries has been
published by Drs. R. S. Shaw and E. P. Maynard
in the New England Journal of M edicine of May
1, 1958. This paper throws considerable light
on what is referred to above as “mesenteric
strokes”. It is the author’s opinion that this publi
cation by Drs. Shaw and Maynard will prove to
be a classic in the development of surgery.
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MESENTERIC EM BOLECTOM Y

R esume
Meme si l’embolectomie est une technique reconnue en chirurgie vasculaire on ne s’en est
guere servi dans le traitement des occlusions de
Fartere mesenterique superieure probablement
parce que les specialistes de la chirurgie vascu
laire sont rarement en presence d’urgences abdominales aigues. L’auteur pretend que celui qui
opte pour l’embolectomie au lieu de la resection
intestinale comme intervention primaire dans l’occlusion de Fartere mesenterique superieure, doit
pouvoir repondre a trois questions: a savoir, la
circulation dans Fartere peut-elle etre retablie par
Fembolectomie?, la paroi intestinale recouvrera-telle son integrite?, a quel horaire apres l’accident
vasculaire les changements irreversibles se produisent-ils?
En 1951 et 1953 l’auteur rapporta les deux
premieres observations d’embolectomie arterielle
de la mesenterique superieure. Depuis il a ajoute
sept autres observations dont trois cas qui furent
couronnes de succes. Les resultats indiquent que
la circulation dans Fartere et ses branches pent
etre retablie par Fembolectomie et que meme 20
heures apres le debut de l’occlusion Fintestin peut

ALLERGIC INFARCTION OF THE
SMALL INTESTINE
Infarction of the small intestine is generally
considered to be the consequence of a vascu
lar obstruction. Massone from the University
of Pavia, Italy (Archivio Italiano di Chirurgia,
83: 246, 1958) traces the history of intestinal
infarction without obvious vascular lesions.
Having enumerated various case reports, mainly
found in the French and Italian medical litera
ture, he describes two cases of his own, one
in an elderly man and the other in an elderlywoman, in which at operation, for intestinal
obstruction signs of infarction of a large area
of the small intestine were found, but no
obvious vascular lesions. In each case the
mesentery was rigid and oedematous and the
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encore survivre. S’il existe quelque doute a ce sujet,
cependant, il est preferable de rouvrir Fabdomen
48 heures apres la premiere operation et, si necessaire, resequer tout segment intestinal prive d ’irrigation sanguine.
Le diagnostic de l’occlusion mesenterique ar
terielle est fonde sur les criteres suivants: une
douleur abdominale subite chez un sujet passe
l’age de 50 ans souffrant de troubles vasculaires.
II est possible que certaines attaques de douleurs
abdominales chez des gens ages, accompagnees de
troubles intestinaux et d’une vitesse de sedimenta
tion elevee semblent d’origine inconnue puisqu’a
l’operation on ne trouve rien d’anormal. Ces cas
sont probablement causes par l’occlusion de petites
branches du tronc mesenterique superieur.
L’auteur termine en soulignant trois points im
portant qu’il faut garder a l’esprit au cours de
l’operation. Tous les vaisseaux mesenteriques meme
les plus petits doivent etre ligatures s’ils ont ete
coupes. On doit se garder d’employer l’heparine
apres Foperation. L’embolectomie et la resection
intestinale ne doivent pas etre pratiquees a la
meme intervention; la resection ne doit etre entreprise que 24 heures apres Fembolectomie.

intestine showed many areas of red or reddishbrown colour, together with dilatation. In
each case an antispasmodic (Eupaverine) was
injected and the root of the mesentery injected
with 10 c.c. of a 0.5% solution of procaine.
Within minutes the discoloration of the in
testine became less marked. The abdomen
was closed without further intervention, and
in each case the patient recovered.
The author considers that this type of in
farction is an allergic phenomenon with lesions
due to an increase in capillary permeability
possibly caused by bacterial endotoxins acting
on a previously sensitized organ. Provided
that the lesions have not proceeded to the point
of gangrene, they are reversible, unlike the
lesions due to vascular occlusion.
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TH E E F F E C T OF 17-ETHYL-19-NORTESTOSTERONE (NILEVAR)
ON HEALING OF EXPERIM ENTAL WOUNDS*
F . GOUWS, M.D., O. SILBERMANN, M.D., and
W A L T E R C. Ma c k e n z i e , M U ., F .R .C .S .[C J, F.A.C.S., Edmonton, Alta.

W o un d d is r u p t io n remains one of the most
serious complications with which the sur
geon has to contend. A review of the litera
ture on the subject of wound healing
which has appeared since the classic paper
of Harvey, Howes and Sooy7 brings out
the fact that most of the experimental
work had been performed on animals de
prived of proteins, essential amino acids
and/or vitamin C.1- “■5<9’ 15-18 The purpose
of our experiment was to study healing of
wounds in the normal animal and in ani
mals treated with the synthetic androgen
17-ethyl-19-nortestosterone ( Nilevar).
Preliminary work in our own laboratory
was conducted by Kowalewski and
Gouws.8’ 12 It was shown that the amount
of ground substance produced at different
periods after fracture of long bones in
rats could be increased by administration
of this substance.
M a t e r ia l s and M ethods

Experiments were conducted on young
adult male rats of the Wistar strain weigh
ing between 190 and 250 grams. Individual
animals were kept in separate cages and
fed on Purina dog chow with water ad lib.
One group of animals received in addition
5 mg. of Nilevar daily for a period of
seven to ten days. The androgen was given
by mouth commencing four days before
operation, and administration was con
tinued for a period of three to six days
after operation, depending on the time of
sacrifice.
O perative Procedure
Under ether anaesthesia the anterior ab
dominal wall of the animals was shaved
and painted with 214% iodine in 2% iso
propyl alcohol. A 3 cm. long incision was
then made through all layers of the ab
dominal wall in the midline. As long as
“From the M cEachem Cancer Research Labora
tory and Department of Surgery, University of
Alberta, Edmonton, Alberta.

the incision was kept in the midline no
bleeding points were encountered. The in
cision was then closed in two layers using
00000 chromic catgut on traumatic needles.
Two sutures were inserted through the
peritoneum, muscle and fascia 1 cm. from
the extremities of the wound and 1 cm.
apart. The skin was closed with three equi
distant sutures of 0000 silk. All wounds
were inspected at daily intervals and a
record was kept of infections and of su
tures removed by the animals themselves.
Approximately 0.5% of wounds became
infected and were excluded from the ex
periment.
The skin sutures were removed on the
fifth day and the animals were sacrificed
at periods varying from three to 20 days
after operation. In the third-day group the
skin sutures were removed before testing.
To test tensile strength of the wounds,
an apparatus was used similar to that de
scribed by Pinkus and Perry13 (Fig. 1).
This consists essentially of a metal chamber
open at one end and a broad metal ring
carrying concentric grooves which fitted
corresponding ridges on the rim of the
chamber. Two lateral outlets from the
chamber were connected with a source of
compressed air and pressure gauges re
spectively. Two self-registering gauges
were used—one measuring pressures up
to a maximum of 30 lb./sq. inch and the
other to 100 lb./sq. inch. Our reason for
using two gauges was that even the best
high pressure gauge does not register ac
curately a low pressure and vice versa. We
used a self-registering device because it
was impossible to read the end point ac
curately otherwise. A reducing valve which
delivered air at a constant pressure was
incorporated in the line from the source
which gave a constant build up of pressure
inside the chamber. A two-way stopcock
was incorporated in the line below the
pressure gauges which enabled us to di
vert the pressure to either gauge.
The animals were killed by an overdose
of ether and the entire abdominal wall
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was removed, giving in each instance a
segment of skin, muscle, fascia and peri
toneum, measuring approximately 10 cm.
by 10 cm. Kocher forceps were applied to
keep the muscle from retracting from the
cut edge of the opening and also to aid in
loosely stretching the specimen over the
opening of the chamber. The specimen
was secured in an airtight manner by bolt
ing down the metal ring on the chamber.
The well formed by the metal ring above
the abdominal wall was filled with water
which made it possible to observe accur
ately the point where the wound dehisced
and allowed air to escape from the cham
ber.
The mid point of the wound was placed
approximately over the centre of the open
end of the chamber and clamped in posi
tion. Air was then allowed to escape into
the chamber until disruption occurred and
the end point recorded on the low pressure
gauge. The specimen was re-applied so
as to place the intact linea alba, anterior
Fig. 1.
to the disrupted wound, at the above men
tioned point. Air was again allowed to
D iscussion
enter into the chamber and the point at
which rupture occurred was determined—
Dunphy and Udupa5,15 have described a
the reading being taken from the high “normal pattern” of wound healing which
pressure gauge. In all instances the peri can be divided into two phases: a pro
toneal surface was applied to the rim of ductive or substrate phase ( during this
the chamber. The tensile strength of the period mucopolysaccharides and soluble
wound was expressed as a percentage of protein precursors of collagen, tne “build
normal, using the pressure at which the ing blocks of repair”, are produced), and
intact abdominal wall ruptured in each a collagen phase, in which normal collagen
animal as 100%.
fibres are formed. ( This commences around
the fifth day and lasts until completion of
R esults (Table I)
healing).
Their description is somewhat similar to
In both control and treated animals, the
curves produced by plotting tensile strength that of Davis,2 who divides the period of
against time resemble curves presented by healing into a lag phase (lasting from 24
other workers. This demonstrates the usual to 48 hours postoperatively), a catabolic
“lag period” followed by a stage of rapid phase ( lasting from three to five days) and
increase in tensile strength and eventually an anabolic phase, which commences dur
ing the catabolic phase and lasts until the
a gradual flattening of the curve.
healing is complete. During the catabolic
As early as the third day after operation,
phase there is a delay in the onset of ten
the tensile strength of wounds in the ani sile strength and fibroplasia. The catabolic
mals treated with Nilevar was greater than phase is prolonged by infection, foreign
that of the control group. This difference bodies in the wound, excessive damage to
became more obvious during the anabolic tissues and low preoperative protein and
period, the point of maximal divergence vitamin levels. Provided these factors are
occurring somewhere between the fifth and corrected, is there anything we can do to
accelerate the process of wound healing?
seventh postoperative days.
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TA BLE I.

S tudy

of

T e n s il e S t r e n g t h

of

W ound in N orm al (C on
T e s t R ats

Vol. 1
t r o l ) and

N il e v a r T r e a t e d

Average pressure ( Ib./sq. inch)
required to produce disruption
Days after
operation

Number o f
animals

3

Control-20
Test-20
Control-20
Test-20
Control-20
Test-20
Control-20
Test-20
Control-20
Test-20

5
10
15
20

--------*-------------------------------------------------- —

Wound
7.0
10.25
13.0
18.65
24.6
30.8
41.4
44.4
49.0
51.0

--------

Intact abdom. wall
57.5
61.7
62.1
62.4
53.2
62.0
61.0
64.2
63.1
64.4

The results of our experiment would sug
gest that in normal, young, growing ani
mals this can be done. Preliminary studies
have shown that to have its maximum
effect the synthetic androgen had to be
given by mouth and administration had
to be started in the preoperative period.
Although we have no confirmation of this
in our own work, it has been shown by
Drill and Saunders3 that Nilevar has re
markable protein retaining powers.
The mode of action of androgens in the
metabolism of proteins in general is not
well understood. Noall and his co-workers11
have recently introduced an oversimplified
formula to explain amino acid metabolism:

Process f (anabolic) occurs mainly in the
young and growing animal and as such is
controlled by growth hormone and possibly
by androgens. Process 2 can be produced
experimentally by starvation and adminis
tration of cortisone and allied substances.
The beneficial effect of androgens on
protein metabolism is well known. Most
surgeons are familiar with the increase
in protein, salt and water retention, as well
as the increase in muscle mass, which fol
low administration of androgens in cases
of advanced mammary cancer. Shelton,
Varden and Mark14 have demonstrated the
clinical application of these substances in
the salvage of premature infants. The
exact mode and site of action of these sub
stances, however, remain a puzzle.

Standard
deviation

Tensile strength o f wound
expressed as % of normal

12.0
4.1
7.2
9.2
12.0
13.8
14.0
16.5
12.0
10.9

12.2
16.6
20.9
29.9
46.2
49.7
67.9
69.1
77.6
79.2

Goodman and Gilman6 and Lieberman
and Teich10 attribute the action to the
stimulating effect of androgens on cellular
enzyme systems. Noall et al.11 and, earlier,
Van Slyke and Meyer have advanced the
theory of concentrative transfers of amino
acids into cells—that is against concentra
tion gradients—and have posed the ques
tion: Might anabolic hormones stimulate
growth by increasing the extent to which a
tissue concentrates amino acids? The
answer to this question has not been found
but it is attractive to postulate that pre
operative administration of the synthetic
androgen, in our experiment, might well
have caused this to occur. Androgens may
find further clinical application in the
patient with cancer if we can prevent to
some degree the frequency with which
postoperative wound dehiscence occurs,
especially after laparotomy. An experiment
is under way in our laboratory at present,
in which we are trying to counteract the
delay in wound healing which follows ad
ministration of substances such as nitrogen
mustard and triethylene thiophosphoramide when used as an adjunct to the sur
gery of cancer.
Su m m a r y

Wounds were made through all layers
of the ventral abdominal wall in rats and
closed in a standard fashion. Half the ani
mals were given 17-ethyl-19-nortestosterone
(Nilevar) per os, and groups of these as
well as control animals were sacrificed at
periods from 3 to 20 days postoperatively.
The wounds were disrupted, and the pres
sure at which this occurred was recorded.

Results would seem to indicate that
wound healing could be accelerated by
administration of this substance.
A new apparatus is described to measure
tensile strength of wounds.
A c k n o w le d g m en t

This work was supported in part by a grant
from G. D. Searle & Co., Chicago, 111., who also
furnished Nilevar.
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Resume
La guerison des plaies chez des rats traites a
5 mg. par jour d’un androgene synthetique (17ethyl-19-nortestoterone ou Nilevar, m arqu e d ep o se e) quatre jours avant, et trois a six jours
apres l’operation fut comparee a celle d’un groupe
de jeunes rats adultes normaux. Une incision
mediane abdominale pratiquee dans la paroi fut
suturee de la maniere habituelle. Les blessures infectees furent exclues de la serie; les points furent
enleves au troisieme ou au cinquieme jour apres
l’intervention, et les animaux sacrifies trois a
vingt jours apres l’operation.
La resistance des cicatrices a la tension fut
mesuree en enlevant la paroi abdominale anterieure
au complet et en la gonflant a Fair comprime
jusqu’a ce qu’elle eclate. Les pressions d’eclatement des regions intactes et cicatricielles de
chaque paroi furent comparees, celles-ci etant
exprimees en pourcentage de celles-la. Les resultats
on montre qu’a compter du troisieme jour apres
l’operation la resistance a la tension des cicatrices
operatoires chez les animaux traites au Nilevar
etait superieure a celle qu’offraient les cicatrices
des animaux temoins. L ’augmentation de cette
resistance attribute au Nilevar fut le plus marquee
au cours de la phase anabolique de la guerison
qui debute vers le cinquieme jour apres 1’operation.
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C A S E R E P O RTS
OBTURATOR HERNIA*
RONALD R. GILFILLAN, F.R.C.S.(Edin.), F.R.F.P.S.(GIas.), Toronto, Ont.
O bturator hernia is rarely diagnosed un
til strangulation occurs and laparotomy has
been performed, although Holmes3 credits
a colleague with having made an accurate
preoperative diagnosis no fewer than five
times. Approximately 450 cases have been
recorded, very few of these within the last
two decades. The vast majority of patients
are middle-aged females, and the hernia is
commonly on the right side. The operative
mortality, according to Aird,1 is still in the
region of 30%.
The obturator canal lies almost directly
below the femoral canal, is bounded above
by the obturator groove on the inferolateral aspect of the pubis, and below by
the free edge of the obturator membrane.
Ordinarily it will admit only the tip of the
little finger. The peritoneal protrusion,
when herniation occurs, comes into con
tact with the deep surface of pectineus,
but occasionally advances between this
muscle and the adductor longus to present
as a palpable swelling in Scarpa’s triangle
where it has been mistaken for a femoral
hernia (Hilton). Most of the recorded
cases contain small intestine, and the
strangulation is frequently of Richter type
which probably accounts for the high op
erative mortality (Bailey2).
Compression of the obturator nerve al
legedly produces the classical pain referred
down the inner side of the thigh to the
knee, aggravated by coughing and strain
ing but not by movements of the hip (Howship-Romberg syndrome). Other signs are
a fullness in Scarpa’s triangle on the af
fected side, and sometimes a firm mass
may be felt behind the femoral vessels.
The infrequency of correct preoperative
diagnosis, however, might suggest that
these signs are as rare as the hernia itself.
Dissection of the obturator nerve in three
fresh cadavers has led this observer to con-

elude that the geniculate branch may be an
anatomist’s bauble. In one it appeared to
peter out at mid-thigh and in the other
two ended in the adventitia of the popliteal
artery. Further dissection failed to demon
strate the so-called articular branch piercing
the oblique ligament of the knee joint.
The case to be described presented sev
eral features which, in retrospect, should
have led to an accurate preoperative diag
nosis, but at least one important sign was
at variance with the classical description
of the condition, viz. pain on abduction
and on extension of the hip joint.

C ase R eport
A 76 year old fishwife was admitted to
Arbroath Infirmary on October 24, 1956, with
a history of sudden onset of central abdominal
colic whilst standing at an airport five days
previously. She had no pain in the right thigh
or knee but complained of pain in the right
hip on active abduction and extension. This
pain was aggravated by weight-bearing on
the right leg. Vomiting occurred on the follow
ing day and became more frequent—latterly
the vomitus was very dark and foul-smelling.
On three occasions a right femoral hernia had
been repaired—30, 15 and 10 years previously.
It had since recurred but had never remained
down for any length of time, and always dis
appeared on lying down as on this occasion.
Apart from these operations, which were
elective, her health had hitherto been ex
cellent. Constipation was absolute from the
start.
Physical examination showed a sturdy,
weather-beaten little woman whose abdomen
was rather distended, silent on auscultation,
and with moderate peritonism. The right fe
moral canal was widely patent and filled on
coughing (which also occasioned pain in the
right hip). There was some tenderness on
deep palpation here. A straight radiograph of
the abdomen showed multiple fluid levels in
the small bowel, and laparotomy was advised
"The case described was treated at the Arbroath with a presumptive diagnosis of femoral
strangulation reduced en masse.
Infirmary, Angus, Scotland.
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Under general anaesthesia, the abdomen was
opened through a lower right paramedian in
cision. The small bowel was distended as far
as the lower ileum where it entered the right
obturator canal. Distal to this point, the bow el
was collapsed. There was a wide-necked,
empty femoral sac. Strangulation was relieved
b y incision of the lower edge o f the obturator
ring, and some 6 cm. o f gangrenous but un
ruptured gut was delivered, follow ed b y a
small quantity of dark fluid. The affected loop
was then excised, and end to end anastomosis
performed with a double layer o f interrupted
silk sutures. The obturator sac was everted
by seizing the fundus with a hsemostat, the
neck ligated, and excised. After an unsuccess
ful attempt to repair the defect with inter
rupted silk sutures, a free omental graft was
firmly sutured over the area. Although it had
been possible to pass the index finger through
the right obturator canal quite easily, the one
on the left barelv admitted the tip of the little
finger. The right femoral canal was then o b 
literated with a series of interrupted silk
sutures after excision of the sac, and the ab
domen was closed in layers.
Subsequent convalescence was without un
toward incident. The patient was ambulant by
the 14th day and when last seen as an out
patient on January 28, 1957, stated that she
felt very well indeed and had begun to do light
work.
Su m m a r y :

A case o f strangulated obturator hernia
is d escribed . It is su ggested that the classi
ca l sign o f pain referred to the knee m ay
b e very rare, as the anatom ical e v id e n ce
fo r the existence o f such a path w ay is rather
flimsy.
R eferences
1. A ird, I.: A companion in surgical studies,
E. & S. Livingstone Ltd., Edinburgh, 1949.
2. Bailey , H.: Emergency surgery, 5th ed.,
William W ood & Company ( Division of
Williams & Wilkins Company), Baltimore,
Md., 1944.

3. H olmes , T .: A treatise on surgery, its prin
ciples and practice, 4th ed., Smith, Elder
& Co., London, 1884.
4. Rose, T. F .: Obturator hernia: some diffi
culties in pre-operative diagnosis, illus
trated by two cases with unusual features,
M. J. Australia, 1: 13, 1954.
5. W a k e l e y , C .: Obturator hernia: its aetiology,
incidence, and treatment, with two per
sonal operative cases, Brit. J. Surg., 26:
515, 1939.
Lockwood Clinic,
300 Bloor Street East.
Re su m e
La hernie obturatrice est rarement diagnostiquee, si ce n’est que lorsqu’elle s’etrangle et
exige une laparotomie. Des quelque 450 cas
publies, elle s’est rencontree surtout chez la femme
d’age moyen, et a droite. La mortalite operatoire,
selon Aird, est de l’ordre de 30 % .
Le canal obturateur, situe sous le canal femoral,
est borde en-haut par la gouttiere sous-pubienne
et en-bas par la membrane obturatrice: il n’admettra habituellement que le bout du petit doigt.
La protrusion peritoneale, lorsqu’il y a hernie, peut
se rendre jusqu’au pectine, et occasionnellement
se manifestera comme un gonflement au niveau
du triangle de Scarpa. Elle contient habituelle
ment de l’intestin grele et lorsqu’etranglee, est
du type d e la hernie de Richter.
Le cas rapporte est celui d’une fem m e de 76
ans qui, cinq jours auparavant, alors qu’elle etait
debout, fut prise soudainement de coliques abdominales mesogastriques et de douleurs irradiees
a la handle droite lors d’abduction et d ’extension
actives. Les vomissements apparurent le jour
suivant, devenant de plus en plus frequents. A
trois occasions, 30, 15 et 10 ans auparavant, la
malade subit une herniorraphie femorale. Cette
hernie encore presente etait toujours reductible
en decubitus.
L’examen physique montra un abdom en plutot
distendu, silencieux a l’auscultation et avec un
certain peritonisme. Le canal femoral devenait
comble a la toux et il y avait douleur a la palpa
tion. La radiographie montra une aero-hydro-ifeie
segmentaire et une laparatomie fut conseillee. A
l’exploration, le petit intestin etait distendu jusqu’a
la portion d’ileon penetrant dans le canal obtura
teur. En aval, l’intestin etait collabe. Le sac
herniaire femoral a large col etait fibre. La
reduction d’environ 6 cm. d’ileon gangrene se
fit par section de la portion inferieure de l’anneau
obturateur, une resection intestinale avec anas
tomose termino-terminale fut pratiquee par des
points separes a la soie. La sac fut inverse, son
collet ligature puis excise.
La convalescence fut sans incident.
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CARCINOID TUMOUR IN A MECKEL’S DIVERTICULUM0
R. J. BAIRD,

W . ANDERSON, M .D.t and J. R. F. MILLS, M.D.,$ Toronto

In 80% of th e individuals in whom a
portion of the vitello-intestinal duct persists,
the remnant is in the form of a diverticu
lum of the ileum.1 The classical description
of this diverticulum was given in 1816 by
Johann Friedrich Meckel (the younger),
and it is the most common congenital
anomaly of the gastrointestinal tract.1

Oberndorfer called them “carcinoids” in
order to stress their distinctive appearance
and supposedly benign behaviour.4 The
term “argentaffin tumours” was suggested
by Masson5 because of their affinity for,
and ability to reduce silver salts. Dockerty
has suggested that they be termed “adeno
carcinoma, grade I—carcinoid type” .

TABLE I . — R e v i e w

of

R eported C ases

Year
reported

Age

Sex

Source

1. Hicks and Kadinsky13

1922

12

M

2. Stewart and Taylor14

1926

54

M

surgical
(inflamed)
autopsy

3. Price16

1935

54

F

1935
1935
1937

54
58
56

M
M
M

1941
1950
1953)
1954*
1953

46
68

Author

4. Hertzog and Carlson16
5. Hertzog and Carlson16
6. Collins, Collins and
Andrews17
7. Ashworth and Wallace18
8. Pautler and Scotti2
9. Stoll19
Fox20
10. Mrazek, Godwin and
Mohardt21
11. Mrazek, Godwin and
M ohardt21
12. Pierce22
13. Parnassa, Friedman and
Cincotti23
14. Baird, Mills and
Anderson

Size

Silver
reaction

Metastases

—

not done

none

“ pea”

positive

15 mm.

negative

4 mm.
3 mm.
6 mm.

positive
positive
not done

none
none
none

M
M

surgical
(inflamed)
autopsy
autopsy
surgical
(inflamed)
autopsy
autopsy

infiltrating
musoularis
externa
none

8 mm.
6 mm.

negative
positive

none
none

58

M

autopsy

5 mm.

37

M

surgical
(incidental)

1953
1955

54
47

M
M

1956

56

M

1957

42

M

autopsy
surgical
(incidental)
surgical
(inflamed)
surgical
(incidental)

Tumours in a Meckel’s diverticulum are
rare. Benign neoplasms (lipomas, aden
omas, leiomyomas, and neuromas) have
been reported occasionally. Pautler and
Scotti,2 and Barrett,3 in recent reviews
found records of nine carcinomas and 19
sarcomas. To date, the literature contains
reports of 13 carcinoid tumours.
The first adequate description of these
tumours was given in 1888 by Lubarsch
under the name “little carcinomas” . In 1907,
"From the Departments of Surgery and Pathology,
Toronto General Hospital.
tSenior Intern, Toronto General Hospital.
+Assistant Professor of Pathology, University of
Toronto.
^Assistant Professor of Surgery, University of T o
ronto.

positive

to liver

not done

none

3 mm.
“ small”

not done
positive

none
none

5 mm.

not done

none

4 mm.

positive

infiltrating
muscularis
externa

—

Carcinoids have been described in the
stomach, gall-bladder, small bowel, appen
dix, caecum, colon, rectum,7 and in ovarian
teratomata.8 The vermiform appendix is
their most common site, and, although
they are usually benign in this location,
some 25 cases are reported to have metas
tasized.7 The behaviour of the extra-appen
diceal carcinoid is less predictable. Ariel4
reports metastases in 24.9% of 226 ileal
carcinoids, and Pearson6 in 38% of 42 extraappendiceal carcinoids.
Masson’s5 theory that these tumours arise
from the entero-chromaffin or NicholasKulchitzky cells is now generally accepted.
These cells are found in the mucous mem
brane of the gastrointestinal tract from the
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Fig. 1.—Carcinoid tumour involving the muscularis externa of Meckel’s diverticulum (H & E x
250).

Fig. 2.—Carcinoid tumour stained with Masson’s
stain for argentaffin granules (x 1000).

cardia to the anus, and recent investigations
have suggested that en masse they compose
an endocrine gland, producing 5-hydroxytryptamine. The “enteramine” which Erspamer observed in these cells has been
shown to be the same substance as the
“serotonin” which Rapport isolated from
the blood. Some carcinoid tumours have
been found to contain large quantities of
serotonin.8 Since its recognition in 1952,
cases of the “malignant carcinoid syndrome”
have been recognized,12 with increasing
frequency. Nearly all carcinoids responsible
for the syndrome have metastasized from
a primary in the small bowel, and the liver
has been involved in all but two cases.10
Sjoerdsma and his colleagues11 state that
a positive qualitative test in the urine
for the serotonin metabolite 5-hydroxyindole-acetic acid is diagnostic of metastasiz
ing carcinoid.

M icroscopic examination revealed a typical
carcinoid tumour (Fig. 1). N o mitotic figures
were seen. The Masson stain for argentaffin
granules was positive (Fig. 2). The cells were
in the mucosa and submucosa, and were in
vading the muscularis externa. The serosa was
intact. N o evidence of spread was found in
several lvmph nodes from the mesentery.
The patient himself had suffered no weight
loss, diarrhoea, or intestinal obstruction. His
blood pressure was 140/80 mm. H g, and his
heart normal on physical examination. There
were several telangiectases over his face and
neck. No blushing or cyanosis had been noted.
The qualitative test for 5-hydroxyindoleacetic acid was performed on his urine on
September 9, and was negative.

C ase H istory
A 42 year old white man underwent an
abdomino-perineal resection in May 1957, b e 
cause of multiple polypi o f the colon and
rectum and a well differentiated adenocar
cinoma at the rectosigmoid junction. H e re
turned for total colectomy in August, and
during this procedure a Meckel’s diverticulum
was noted and excised. The lymph nodes were
not enlarged and the liver was normal.
The diverticulum was 2 cm. in length and
0.8 cm. in diameter. Near the tip, a small
nodule was felt which on section was 4 mm.
in diameter, bright yellow, and in the sub
mucosa. The mucosa was intact.

R eview

of

P revious C ases

The details of the 13 previously reported
cases are given in Table I. The first case
to be reported (Hicks and Kadinsky) has
been disputed by Stewart and Taylor, who
claim that is was one o f ectopic gastric
mucosa.
The tumours have been associated with
acute inflammation in the diverticulum in
only four cases, and in all others have been
an incidental finding. Symptoms have been
produced during the sixth decade of life
rather than in the third, as with carcinoids
of the vermiform appendix.
Only two of the reported cases have
invaded the muscularis externa and only
one has metastasized distantly (to liver).
No case of malignant carcinoid syndrome
has been reported from a carcinoid in a
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Meckel’s diverticulum. The Masson stain 12.
for argentaffin cells was used in nine cases;
it was positive in seven and negative in
two.
13.
Three features may account for the fact
that 13 of the 14 cases occurred in males.
The incidence of Meckel’s diverticulum is 14.
greater in males, the reported incidence
varying from four to one to two to one.1 15.
The incidence of carcinoid tumours in
general is slightly greater in men.4 The
frequency of autopsies is higher in men. 16.
The first two reasons may be partially due
to the third.
17.
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M a c D o nald,

Resu m e
Au corns d une colectomie totale pour polypose
et carcinome chez un homme d’age moyen, on
decouvrit un diverticule de Meckel que Ton enleva.
L a piece portait a son extremite une petite tumeur
jaune dans la sous-muqueuse qui a 1’examen
histologique se revela une tumeur carcinoide
typique. Elle n’avait cause aucun symptome. Ce
cas forme la quatorzieme observation de tumeur
carcinoide dans un diverticule de Meckel a etre
decrite. Aucune d’elles n’avait cause de syndrome
du carcinoide malin—13 des 14 ont ete decouvertes
chez des hommes.
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MARFAN’S SYNDROME: A SU CC ESSFU L AORTIC HOMOGRAFT
FOR A DISSECTING ANEURYSM OF THE THORACIC AORTA”
C. B. BAKER, B.A., M.D., F.R.C.S.[C], J. K. W ILSON, M.D., F.R.C.P.[C], and
J. M. WOODS, M.D., Toronto
the
f i f t y -o n e
y e a r s since Marfan
described the syndrome in 1896, over 350
cases have been described in the literature.
Marfan’s syndrome is believed due to a
hereditable defect in the elastic fibres of
connective tissue which predisposes the
individual affected to abnormal stretching
of elastic fibrous tissues. Arachnodactyly
is usually a prominent feature of the con
dition but can occur in other develop
mental defects, acquired and genetic. The
sexes are equally affected and there is no
known racial grouping.
Connective tissue defects have been re
corded in three major systems and a sum
mary of the more important follows:
1. Ocular.—Dislocation of the lens ( ec
topia lentis) and retinal detachment are
common and do occur in childhood. The
dislocation of the lens is due to poor de
velopment of the supporting ligaments. Un
commonly there may be associated con
genital anomalies of the cornea and lens.
2. Musculo - skeletal. — Long extremities
( dolichostenomelia), hyperextensibility of
joints, pectus excavatum and high arched
palate are the most prominent abnormali
ties of this system. Muscular hypotonia
may give rise to kypho-scoliosis, flat feet,
herniae and winged scapulae. Mensuration
reveals that pubis to sole measurement is
greater than pubis to vertex, and arm
span exceeds height.
3. Cardiovascular—The principal vascu
lar defect is a cystic medionecrosis of the
proximal aorta and this may occur in the
absence of other features of the syndrome.
The major complication is aortic aneurysm,
either diffuse or dissecting. Marfan’s syn
drome is a common cause of dissecting
aneurysm of the aorta in patients under
40 years of age. Associated congenital ano
malies are often present, such as patent
ductus arteriosus, coarctation of aorta and
lesions involving the pulmonary artery.

In

"From St. Michael’s Hospital, Toronto.

It is believed that the primary defect in
the aorta involves the weakened elastic
tissue and that smooth muscle hypertrophy
and replacement scar tissue outrun the
blood supply with resultant medial nec
rosis. The early changes are indistinguish
able from Erdheim’s cystic medial necrosis.

Fig. 1.—Chest radiograph five months before
admission. There is no evidence of aortic aneurysm,
pulmonary embolus or pulmonary hypertension.

Recently there have been reports of at
tempted operative correction of the cardio
vascular complications of Marfan’s syn
drome, and it has also been reported that
trauma is implicated in their pathogenesis.
The present case report describes the
management of a patient with a dissecting
aneurysm of the distal arch and descend
ing thoracic aorta combined with a patent
ductus arteriosus. It must be stated that
this location for the aneurysm was unusual,
as almost all of the aneurysms reported
in Marfan’s syndrome have been situated
in the ascending aorta. Possibly a similar
case may never be encountered again.
C a se R epo rt

Mrs. A.K., a 25 year old Dutch immigrant
housewife, was admitted to St. Michael’s Hos
pital on July 25, 1956, and discharged on
August 18, 1956.
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Fig. 2.—Chest radiograph taken immediately
before admission. The lung fields and cardiac
contours are normal but there is evidence of a
large diffuse aneurysm of the arch and descend
ing thoracic aorta.
She had been well until five months before
this admission, and one month after a normal
delivery of her first child. While doing house
work, she noted a sudden onset of weakness
in the legs followed by arm paresis and diffi
culty in getting her breath. A few minutes
later she developed a dull aching pain in the
lower dorsal region of the back.
She was admitted to the local hospital with
a diagnosis of pulmonary embolism and was
kept in an oxygen tent for 48 hours. There
was neither cough nor haemoptysis. The pain
cleared slowly over a three-week period and
had since recurred intermittently in the left
lower dorsal region and lasted for periods
varying from three minutes to two hours. Dur
ing the two weeks preceding her admission
to St. Michael’s Hospital, she suffered from
palpitation, general weakness, hoarseness and
loss of 15 lb. from her normal weight of 113 lb.
The subject was one of a family of 16
children, all of whom were short and stocky
except the patient and one brother. This
brother showed none of the characteristics of
Marfan’s syndrome. There was no known
family history of aortic aneurysm or eye de
fects. The past history was negative for tuber
culosis, syphilis, nephritis or visual difficulty.
The patient was a thin pale woman, 5 ft.
5 in. tall, who weighed 98 lb. The pubis to
sole exceeded the pubis to vertex measurement.

Vol. 1

The fingers were markedly elongated and the
joints were hypermobile.
No ocular abnormalities were reported by the
ophthalmologist, Dr. W . Callahan. The palate
was high and arched and the teeth were
slightly protuberant. The patient answered
questions with a weak but hoarse voice.
The trachea was shifted to the right by a
pulsatile mass emerging from the mediastinum.
The chest was clear except for decreased air
entry to the left lung base posteriorly.
The pulse rate was 96 and regular. The
heart was not clinically enlarged and there
were no heart murmurs. A moderate systolic
bruit was heard along the left side of the thor
acic spine from T3 to 12. The femoral pulses
were felt with difficulty but no pulsation could
be palpated over the abdominal aorta or the
distal vessels of the legs. There was evidence
of a collateral circulation over the chest wall.
The blood pressure readings were as follows:
right arm 138/80, left arm 118/80, both legs
140/106 mm. Hg.
No abnormality was found on examining the
abdomen or central nervous system.
L aboratory.—Hemoglobin value 12.0 g.%,
white cell count 5400, blood smear normal,

Fig. 3.—Photographs to demonstrate the musculo-skeletal abnormalities, particularly the long limbs
and arachnodactyly.
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serology negative. Urine: S.G. 1.023, sugar
negative, albumin negative, occasional white
cells. Electrocardiogram: No abnormality.
O peration .—On July 13, 1956, under general
anaesthesia and hypothermia a left sided thora
cotom y was performed through the fifth inter
costal space. The operative procedure lasted
six hours, following an induction and cooling
period of 90 minutes. The circulation distal to
the arch of the aorta was totally occluded for
65 minutes and during this time the rectal ther
mometer registered 28.5 to 27.5°C. An aneur
ysm of the thoracic aorta was seen to begin
abruptly one half inch (1.25 cm .) distal to
the origin o f the left common carotid artery
and to end immediately above the diaphragm.
There was also a large patent ductus arteriosus
connecting the aneurysm to the pulmonary
artery.
The aneurysm was isolated along its length
beginning with the friable patent ductus arteri
osus. This was isolated, clamped, sectioned
and ligated. The left subclavian artery and
the left vagus nerve were sacrificed. D ouble
angled Potts clamps were applied across the
aorta just distal to the left common carotid
artery above and just proximal to the dia
phragm below. The aneurysm was resected
and a homograft was rapidly sutured in place
using a running suture o f atraumatic silk. The
graft was filled with heparin solution and the
clamps were slowly released over a period of
eight minutes. The blood pressure dropped
from 190 mm. Hg. systolic to 40 mm. H g.,
accompanied by a marked tachycardia and
some ventricular extrasystoles. This resolved
quickly and the blood pressure became steady
at 100 mm. Hg.

373

INN.A

L.C.A.

Fig. 4.—Findings at
patent ductus arteriosus
aneurysm.
Inn. A. = innominate
common carotid; L.S.A.
= pulmonary artery.

Pathology

R eport:

operation
and the

included the
huge diffuse

artery; L.C.A. = left
= left subclavian; P.A.

(Courtesy of Dr. R.

Ross.).

M icroscopic .—The sections reveal that the
smaller vessel described grossly is the true
aorta and the larger dilated passage is the
outer wall o f an old dissecting aneurysm.
There are numerous pools o f pale grey
material, presumably polysaccharide, in the
media o f the aorta. In the outer third o f the
media there is necrosis o f muscle and re
placement b y fibrovascular tissue particularly
in the plane o f the dissection. The overlying
adventitia shows marked fibrous thickening.

The graft did not leak. The chest was closed,
leaving an underwater drain. The patient re
warmed without assistance in the recovery
room and there were no further periods of
cardiac irregularities.
The following day a bilateral basal atelec
tasis required bronchoscopic aspiration of
mucus plugs. Her postoperative course was
otherwise smooth and she was discharged to
her home on the 18th postoperative day.
There was no subjective or objective evi
dence o f neurological deficit as a result o f the
total lack of circulation distal to the head and
right arm occasioned by clamping the aorta
for a period of 65 minutes. Her voice was
hoarse and the left arm painful on effort;
these symptoms were due respectively to the
interruption of the left vagus nerve and left
subclavian artery.

Fig. 5.—Shows the aortic homograft sutured in
place, extending from the distal arch of the aorta
to just proximal to the diaphragm. The patent
ductus arteriosus and left subclavian arteries have
been ligated at their origins.
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Fig. 6.—Specimen of thoracic aorta opened anteriorly. The metal probe
occupies the original lumen, the wall of which is held open by three
segments of applicator. The false channel above and below is partially
filled with blood clot.

The sac o f the aneurysm contains scattered
muscle and elastic tissue fibres and the inner
layer is com posed of organized thrombus. The
aneurysm is partly re-endothelialized and the
bridges seen consist of poorly preserved fibroelastic tissue.

The findings are consistent with an old dis
secting aneurysm constituting part of the pic
ture of M arfan’s syndrome.
C o u rse at h o m e .—Within a few months the
patient was performing her housework and
caring for her child. The left arm gradually

Fig. 7.—Chest radiograph three months after operation appears normal. The graft
is well seen in the lateral view.

gained normal strength and now is painless on
heavy exercise. There is a faint pulse at the
left wrist.
The hoarseness handicaps the patient only
in that she is unable to shout. There has been
no recurrence of chest pain or dyspnoea.
D iscussion

The case of a 25 year old woman with
Marfan’s syndrome complicated by a
chronic dissecting aneurysm of the de
scending thoracic aorta and a patent duc
tus arteriosus, successfully treated by re
section of the aneurysm and replacement
by an aortic homograft, is presented. The
use of hypothermia permitted total oc
clusion of circulation distal to the arch of
the aorta for a period of 65 minutes with
out spinal cord damage.
The physical stigmata of Marfan’s syn
drome involving the musculo-skeletal and
cardiovascular systems were present. An
associated congenital anomaly, patent duc
tus arteriosus, was disclosed at operation.
Clinically there had been no signs to sug
gest the presence of the lesion. There was
a negative immediate family history of
Marfan’s syndrome.
This case was unusual in that the dis
section involved the descending thoracic
aorta rather than the ascending segment.
It was this fortunate location of the lesion
which made surgical repair possible. Ex
amination of the resected specimen re
vealed lesions which have been described
in cases of Marfan’s syndrome.
The onset of symptoms of dissection one
month post partum suggests a possible
connection. Dissecting aneurysm of the
aorta in young women has been shown to
be more common during pregnancy. The
mechanism is unknown.
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R esum e

Depuis que Marfan a decrit son syndrome en
1896, la litterature en a rapporte plus de 350 cas.
On croit que le syndrome est cause par une
defectuosite hereditaire des fibres elastiques du
tissu conjonctif, dont les effets se manifestent
surtout dans les systemes oculaire, musculosquelettique et cardio-vasculaire.
Le cas rapporte est celui d’une jeune femme
de 25 ans qui presenta un syndrome de Marfan
complique d’un anevrisme dissequant de l’aorte
thoracique descendante avec un canal arteriel
permeable traite avec succes par resection de
fanevrisme et son remplacement par une homogreffe.
Les stigmates physiques du syndrome affectant
les systemes musculo-squelettique et cardio-vas
culaire etaient presents. On ne trouva guere
d’antecedents familiaux. Ce cas fut inusite et
heureux, du fait que la lesion interessait la portion
descendante plutot que la portion ascendante de
l’aorte thoracique. Le debut des symptomes de
dissection aortique, un mois postpartum, confirme
la preponderance habituelle de cet accident au
moment des grossesses chez les jeunes femmes.
Le mecanisme en est inconnu.
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TORSION-AVULSION OF AN APPENDIX EPIPLOIC A WITH
HEMORRHAGE
BRIAN C. GAY, M.D., Bluffton, lnd., U.S.A.
I n this study a case is recorded of severe
haemorrhage from torsion-avulsion of an
appendix epiploica. Search of the available
literature revealed no report of a similar
abdominal emergency. In addition, general
details of the fatty appendages of the colon
are discussed.

A n a t o m ic a l C onsiderations

The epiploic appendages appear as early
as the seventh fetal month,1 at which time
they contain no fat. These appendages de
velop in close relationship to the mural
branches of the vasa recta to the colon, in
such a way that their base is at the point
of penetration of the artery and vein
through the muscularis. Furthermore, the
epiploic structures have a rather constant
relationship to the tasnias coli. The anterior
tenia of the ascending colon becomes the
tenia libera of the transverse colon, the
postero-lateral becomes the tenia omentalis, and the postero-medial forms the
tenia mesocolica. The appendages occur
in two and sometimes three rows: medial
to the edge of the tenia libera (anterior)
and lateral to the tenia omentalis ( postero
lateral). They average 100 in number and
are most numerous in the sigmoid colon,
cascum, and hepatic flexure region.2 They
vary in length with body habitus and in
size directly with the degree of obesity.
In very obese subjects there is often a con
tinuous fatty appendage from the mesen
tery to the edge of the tenia.
The vasa recta form small arcs in the
bases of the epiploic appendages before
penetrating the bowel wall. These arcs
are seldom more than 5 mm. in length but
occasionally extend 10 mm. from the bowel.
The accompanying vein is tortuous and re
dundant. Vessels going peripherally from
the arc are end-arteries.3
It has been well shown, by Gilchrist
and David in 1943,4 that lymph nodes are
frequently found in epiploic appendages
and that these nodes may drain an area

of colon three or four centimetres proximal
or distal to the appendage.
Apart from the vessels and lymphoid tis
sue they contain, the appendices contain
fat in a loose fibrous stroma covered by a
peritoneal outpouching from the bowel
serosa.
P hysiological C o nsiderations :

No definite function has been proven
for the epiploic appendages, hut much
speculation and some experimental work
are recorded in the literature.
Robinson2 in his Paris thesis (1908) be
lieved that the appendages were con
cerned with water absorption from the
colon. He based this idea on the rigidity
and fluttering movements of the appendices
observed when he irrigated the colon of
a cadaver with water. This work has not
been repeated.
The appendages vary in size with obesity
and may be a site of fat storage. They
carry lymphatics and lymph nodes anil
therefore form an irregular line of defence
distal to the paracolic chain of nodes. They
have a further protective function in their
relation to the blood vessels (previously
mentioned), acting as protection at their
point of penetration of the muscularis. The
vessels may be harboured in the append
age when the lumen of the colon is col
lapsed.
The fatty appendage is also in a position
to act as a “skid” or buffer between the
colon and other organs during peristalsis.5
Alternatively, it may merely represent an
embryological migration of fat with the
vessels.
All these functions have been attributed
to these variable-sized organs. In view of
the lymphatic tissue which they contain,
their position in and over the vascular per
foration of the bowel wall (a weak point
at which diverticuli are often found), and
their frequent adherence to sites of inflam
mation, they probably act similarly to the
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APPENDIX EPIPLOICA

“abdominal policeman” or greater omen
tum.6
P a th o lo g ic a l C o n sid e r a t io n s :

In 1919, Hunt of the Mayo Clinic7
reviewed the literature on diseases of
epiploic appendages and reported 11
cases from that institution, thus bringing
the total to 53. Recently Lynn, Dockerty
and Waugh8 have reviewed their available
records and added 17 cases of symptomatic
disease to the 156 in the literature.
Approximately 200 cases of asympto
matic disease of the appendages discovered
at operation and autopsy have been re
ported. Vesalius gave the first anatomical
description in 1543. Littre recorded the
first case of corpora aliena amylacea free
in the peritoneal sac in 1703, and Virchow
established the epiploic appendages as
their source in 1863.
The most common condition giving rise
to symptoms is intra-abdominal torsion
followed by incarceration in a hernial
sac, intestinal obstruction due to adhesion
of an appendage, abscess due to underlying
diverticulitis, infarction which may be due
to thrombosis or embolism, intussusception,
loose peritoneal bodies, and secondary in
fection and peritonitis following torsion.
Several explanations for torsion have been
given. The haemodynamic theory of Payr
in 1902, in which congestion in the spiral
redundant vein of the appendage3 is con
sidered to be a cause of torsion, is difficult
to accept. Movement of an appendage
towards an area of inflammation as a cause
of torsion6 is unlikely, because most cases
of torsion are unaccompanied by nearby
inflammation. The amount of fat in the
appendix bears no relation to torsion, since
less than one-half of the reported patients
are obese.
Since the appendices are adjacent to
the border of a longitudinal muscle band,
it seems probable that unco-ordinated
taenia contraction might suddenly rotate
the base of an epiploic appendage enough
to cause torsion and even avulsion. This
mechanism might be expected in locations
where one side of the colon was more fixed
than the site of torsion; this expectation is
borne out in the literature. The lateral
aspect of the caecum, medial border of
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sigmoid and antero-medial hepatic flexure
are more free than their opposite sides and
are the favourite sites of torsion of an ap
pendage. Further, local irritation of one
taenia by inflammation or irritants such as
phenolphthalein may cause local contrac
tion. Torsion in a hernial sac is the result of
bowel peristalsis under the fixed appendage.
Free peritoneal bodies may be detached
uterine fibroids or ovarian cysts, but more
commonly they are epiploic appendages.
These may vary in size from a pea to an
egg, and are composed of hyalinized fat
with or without calcification.
It might be supposed that gangrene of a
strip of bowel wall distal to an excised
appendage would occur if the vascular loop
in the base was interrupted. Of all the
cases treated by excision flush with bowel
wall and oversewing the denuded base,
only one has resulted in vascular changes.
In this case, reported by Ebner in 1909.
there was thrombosis of mesenteric vessels
and ileus, rather than local gangrene of the
bowel. The following case report confirms
this finding.
C a se R e p o r t

A 60 year old Ukrainian-Canadian woman
was admitted to Union Hospital, Eatonia,
Saskatchewan, on December 14, 1954, with
right lower quadrant abdominal pain, nausea,
dizziness, and weakness of six hours’ dura
tion. Symptoms began during housework
with sudden sharp periumbilical pain of a
crampy character, which subsided but was
followed by pain in the right lower quadrant.
She was nauseated. On examination, this
obese woman had an oral temperature of
100° F ., blood pressure 100/65 mm. Hg, pulse
110; she was in slight shock, pale, and with
cool extremities. The abdomen was markedly
distended and tympanitic with diffuse tender
ness throughout but more marked in the right
iliac fossa where some guarding was present.
No masses were palpable. The cul de sac
was tender on rectal examination.
A gastric tube failed to relieve the disten
sion. The white blood cell count was 12,000
per c.mm., the urine normal. T he blood
pressure became stable soon after admission
and a laparotomy was decided upon in view
of the right lower quadrant signs, with a
tentative preoperative diagnosis of appendi
citis or perforated duodenal ulcer.
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Laparotomy was performed through a right
paramedian incision, with 20 mg. hyperbaric
spinal Pontocaine as anaesthetic. There were
large blood clots and free blood in the pelvis,
right iliac fossa and right infracolic space
totalling 400 c.c. All the viscera were normal
except for an epiploic appendage of the distal
hepatic flexure which was avulsed at its base
and hanging by a serosal margin. There was
slow oozing of blood from the raw base. The
appendage was excised and the raw area over
sewn. The postoperative course was unevent
ful except for local wound infection.
The provincial pathologist described the
gross specimen as an ovoid piece of soft, yel
low fatty tissue measuring 3.2 x 3.0 x 1.4 cm.,
to which a portion of stalk-like similar tissue
was attached, measuring 1.5 cm. in length and
0.7 cm. in diameter. On cross-section, the en
tire specimen was seen to be composed of soft
yellow fatty tissue intersected by small streaks
of membranous soft pink tissue. Microscopic
ally, the fragment of epiploic appendage sup
ported few chronic inflammatory cells. A mild
fibroblastic proliferation was evident along one
margin. The diagnosis was chronic epiploic
appendicitis.

A ckn ow ledgm en t

I wish to thank Dr. Harold D. Caylor for his
help and suggestions in the preparation of this
paper.
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D iscussion

Th e symptoms were rightsided because
o f the initial avulsion at the hepatic flexure
and the b lood in the right colonic gutter.
The cause of the pain might have been
overlooked if bleeding had not been
present. Some cases o f exploration for
appendicitis in which the appendix is
normal may be explained by torsion-avulsion
of an epiploic appendage.
Su m m a r y

This is the first case o f haemorrhage from
avulson o f an epiploic appendage reported
in the available literature. No changes in
the w all o f the colon resulted from inter
ruption o f the mural mesenteric vessels.
Diseases of the appendices epiploicae
should b e included in the differential diag
nosis o f abdom inal pain.

R esum e
Les lesions des appendices epiplo'iques sont fort
rares. Environ 200 cas de lesions asymptomatiques
ont ete decouverts a l’operation ou a 1’autopsie,
et decrits. Les etats les plus favorables a la
production de symptomes dans ces cas sont la
torsion intra-abdominale d’un de ces appendices
suivie de son incarceration dans un sac herniaire,
l’occlusion intestinale causee par des adherences,
la formation d’abces dans un appendice a la
suite d’une diverticulite, 1’infarction amenee par
une thrombose ou une embolie, l’intussusception
ou l’infection secondaire a une torsion.
Le sujet de cette etude etait une femme 60
ans qui accusait une douleur subite dans le
quadrant abdominal inferieur droit et qui presentait un abdomen ballonne avec sensibilite vague
et un leger etat de choc. La laparotomie revela
de gros caillots dans le bassin et la fosse iliaque
droite, provenant d’un appendice epiplo'ique
arrache dont la base cruentee saignait encore.
L ’appendice fut enleve et sa base enfouie. L ’auteur
pretend que c’est la la premiere description
d’hemorragie causee par torsion et avulsion
d’un appendice epiplo'ique. Cet etat devrait
prendre place dans le diagnostic differentiel de
la douleur abdominale.
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F R E IE
NERVENTRAN SPLANTATION UND
CORTISON: Experimentelle Untersuchungen
iiber den Einfluss des Cortisons auf die periund endoneurale Narbenbildung (Free Nerve
Transplants and Cortisone: Experimental Study
of the Effect of Cortisone on Perineural and
Endoneural Scar Formation). Henry Nigst, Uni
versity Surgical Clinic, Basle. 138 pp. Illust.
Benno Schwabe & Co., Basle, Switzerland, 1957.

The author reviews the international literature
to date on the subject of nerve transplantation.
Autotransplantation of nerves is very suc
cessful in humans, but at the expense of some
other nerve of the patient. Transplantation of
homologous grafts (perhaps stored in “nerve
banks”) might be ideal, because it would
permit the use of longer and larger grafts, but
the immunological (inflammatory) reaction of
the host to the homologous transplant has so
far defeated this purpose.
The author attempted to improve the results
of nerve transplantation in rabbits by admini
stering 5 mg. cortisone/kg. body weight dailv
for 10 days. The 119 interventions carried out
included 30 nerve sutures (20 cortisone-treated,
10 controls), 40 autotransplants (20 cortisonetreated, 20 controls), and 49 homotransplants
of various length (29 cortisone-treated, 20
controls).
Nerve sutures as well as autotransplants
showed smooth suture lines with less thicken
ing of perineurium and endoneurium. How
ever, the author could not claim statistical
exactness for his method of measurement and
comparison of perineural with endoneural
fibrosis. In all cases cortisone diminished the
adhesions to the surrounding tissue and the
perineural and endoneural fibrosis; it delayed
the immune reaction and did not retard
nerve fibre regeneration. In autotransplants
cortisone modified the suture lines bv which
the graft is joined to the recipient nerve so
that a secondary resection of the scar was not
necessary.
Grafting of 4 cm. hom otransplants was suc
cessful with or without cortisone treatment.
Only three animals survived out of a series
of 10 rabbits undergoing homotransplantation
of nerves, 5-7.5 cm. long, and treated with
cortisone for over 100 days. When their trans
plants were compared with those of four
control animals after a similar length of time,
there was diminished epineural and endoneural
fibrosis in the cortisone-treated specimens.
There was equal nerve fibre regeneration in
both series. Thus the author concludes that
the regeneration of nerve fibres in longer
homotransplants is possible without cortisone.
Admitting the unavoidable variations in per
fecting the nerve sutures, the author feels that
by using cortisone postoperatively the immune
reaction is delayed and the enineural and
endoneural fibrosis are diminished. These fac
tors may favour nerve fibre regeneration.
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All in all, this is a neat monograph, clearly
presenting the problem of nerve transplanta
tions with excellent gross and microscopic
pictures of nerve transplants. Specialists and
experimentalists in this field will surely enjoy
the book.
OPERATIVE O BSTETRIC S. R. Gordon Douglas,
Professor of Obstetrics and Gynecology, Cornell
University Medical College, New York City; and
William B. Stromme, Attending Obstetrician
and Gynecologist, Northwestern Hospital and
Fairview Hospital, Minneapolis, Minn. 735 pp.
Illust. Appleton-Century-Crofts, Inc., New York,
1957. $20.00.

The authors have made a very valuable and
almost unique contribution to obstetrical litera
ture and teaching, by carrying throughout their
book the impressive theme that every delivery
is a surgical operation and that the prenatal
period is a period of preoperative preparation,
not for one patient but for two patients—mother
and baby.
In the section on preoperative care and
operative management, this is especially evi
dent. The minutiae of treatment and manage
ment of the patient suffering from toxaemia,
hypertensive and renal disease, heart disease,
diabetes, tuberculosis, respiratory diseases,
poliomyelitis and others are given, and the
relationship of such care to the mortality and
morbidity of both mother and child is shown.
In direct relation to both maternal and
fetal mortality and morbidity, analgesia and
anaesthesia have become more important as
other factors such as sepsis have been in
creasingly controlled. The section on anaes
thesia points up very distinctly the hazards
of these various agents, which will continue
to remain high on the list of causes of maternal
and fetal death unless properly used only
in the hands of people highly trained ana
skilled in their use. Local perineal infiltration
anaesthesia and pudendal block, the safest of
all types of anaesthetic agents and techniques,
is thoroughly discussed, described and illus
trated.
A section on the induction of labour de
scribes in detail the two methods, one medical
and one surgical, so commonly and casually
used today. In order that the valuable effect of
Pitocin may be obtained with a maximum of
safety, the method and detailed technique of
its use is given at length. This as well as the
description of surgical induction should be
carefully and repeatedly read by everyone.
The indications, prerequisites and hazards of
induction are clearly and concisely discussed
and a full and well documented summary of
the results of induction is included.
The section on forceps describes all types
and their proper use and is profusely and well
illustrated. Sections on breech conversion,
Caesarean, embryotomy and other operations
on the genital tract are all informative and
enlightening and contain summaries of the
(Continued on page 381)
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C anadian Journal o f Surgery. Acceptance
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will not be reprinted without the consent
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ruled paper, double-spaced, and with wide
margins. Carbon copies cannot be accepted.
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copy o f material submitted. Every article
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tents. The Concise Oxford Dictionary will
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for scientific terminology. The Editorial
Board reserves the right to make the usual
editorial changes in manuscripts, includ
ing such changes as are necessary to en
sure correctness of grammar and spelling,
clarification of obscurities or conformity
with the style of the C anadian Journal of
Surgery. In no case will major changes be
made without prior consultation with the
author. Authors will receive galley proofs
of articles before publication, and are asked
to confine alterations o f such proofs to a
minimum.
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authors’ experiences and opinions. These, along
with a section on surgery exclusive of the
generative tract, are all worthy of careful and
repeated reading on the part of all of us.
The concluding sections on postoperative
care and postoperative complications with the
management of electrolyte and fluid balance
and the nutritional status of the patient, the
management of shock and haemorrhage, and
other complications in numbers and detail are
well discussed. To the modern practice and
teaching of obstetrics, this book is a most valu
able contribution.
TUMORS OF THE SOFT SOMATIC TISSUES.
George T. Pack, Attending Surgeon, Memorial
Center for Cancer and Allied Diseases, New
York, and Irving M. Ariel, Associate Clinical
Professor of Surgery, New York Medical College,
and others. 820 pp. Illust. Paul B. Hoeber, Inc.,
Medical Book Department of Harper & Brothers,
New York, 1958. $30.00.

A comprehensive work on soft tissue tumours
has been lacking until now, and it is doubtful
if it could have been written by a more suitable
group than those surgeons associated with the
Memorial Center for Cancer and Allied Dis
eases. This large volume (820 pages) is based
on cases collected over a period of 25 years
and is profusely illustrated by pictures and
case reports. What Geschickter and Cope
land have done for bone tumours, Pack and
Ariel have done for the remainder of mesen
chymal growths. The comprehensive account
of these lesions includes many aspects: classi
fication, natural history, relationship of trauma,
biopsy techniques, treatment, operations, ana
tomical considerations and prognosis, as well
as the main discussion of specific tumours.
As pointed out in the introduction, the soft
somatic tumours are those arising from the
organs of locomotion, support and lubrication,
including fat, muscle, fascia, vessels, synovia,
nerve tissue, and in fact the tissues which form
nearly half the bulk of the human body. They
vary from some of the largest in oncology
(lipomas and cystosarcoma phylloides), some
of the most painful (glomus), some of the most
rapidlv metastasizing (Kaposi’s hmmorrhagic
sarcoma), the self-limiting (dermofibroma), and
the most grotesque (von Recklinghausen’s).
It is heartening to learn that the overall
“cure-rate” of the malignant neoplasms found
between the skin and the bones and viscera
(717 sarcomas form the basis) is 39%. But
benign lesions are an important part of this
book also, e.g. Dupuytren’s contracture, gan
glions, Morton’s neuralgia, carotid-body para
ganglioma, phasochromocytoma.
Including ^such a variety of lesions and
techniques, “Tumors of the Soft Somatic Tis
sues” will surely become invaluable to all
varieties of surgeons, no matter how specialized
their interests. A medical library will be in
complete without it, even though the price is
thirty dollars.
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LEHRBUCH D ER KINDERCHIRURGIE (Text
book of Pasdiatric Surgery). M. Grob, Zurich.
775 pp. Illust. Georg Thieme Verlag, Stuttgart,
W. Germany; Intercontinental Medical Book
Corporation, New York, 1957. DM 157.

This new publication on paediatric surgery is
an important and much needed one, as there
has been no extensive specialized text in
German for more than two decades. In other
languages such publications exist, but until
recently they dealt with selected areas only.
The present book is based on personal ex
perience,^ which the author gained during his
25 years work at the Children’s University
Hospital in Zurich. It deals with the hereditary
deformities and acquired surgical disorders of
the child, orthopasdic affections being con
sidered also. Operative techniques are de
scribed and great emphasis is laid on the
description of the clinical picture and diagnosis
of conditions. Therefore, this book is directed
not only to the surgeon but also to the paedia
trician, who has sometimes to cope with sur
gical conditions in the child. The obstetrician
will be pleased to find orientation about sur
gical lesions in the newborn and the indications
for their surgical treatment.
AORTOGRAPHY: Its Application in Urological
and Some Other Conditions. W. Barr Stirling,
Senior Assistant, Urological Department, Glas
gow Royal Infirmary, Scotland. 292 pp. Illust.
E. & S. Livingstone Ltd., Edinburgh and Lon
don; The Macmillan Company of Canada
Limited, Toronto, 1957. $8.50.

The publication of this text is opportune in
view of the appreciable number of recent
reports of complications and mishaps associated
with aortography. In reality it is a record of
the personal experience of the author with
aortography and gives detailed and exact in 
formation on the indications, apparatus, tech
nique and procedure. Complications are dis
cussed and detailed case histories of representa
tive cases are given with full discussion on
urographic findings. The reviewer believes it
to be a sound practical reference text of interest
and value to both radiologist and urologist, and
recommends it as such without reserve. The
illustrations are superb.
CHIRURGIE D ER LEB E R : Klinik und Technik
(Surgery of the Liver: Clinical Features and
Techniques). M. Reifferscheid, Bonn, W. Ger
many. 168 pp. Illust. Georg Thieme Verlag,
Stuttgart, W. Germany; Intercontinental Medical
Book Corporation, New York, 1957. DM 46.

This, the first comprehensive text on the sur
gery of the liver, arose from an extensive studv
of literature and practical experience. A special
technique of investigation allows differentiation
of the specific diseases of the liver, based on
the simple basic pattern of the four structures
of the vessels of the liver.
(C on tin u ed on p a g e 383)
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THIS 5-YEAR STUDY SHOW S...
CONTINUED

EFFICACY

CHLOROMYCETIN

COMBATS MOST CLINICALLY IMPORTANT PATHOGENS

IN VITRO S E N S IT IV IT Y O F F O UR C O M M O N P A T H O G E N S TO C H L O R O M Y C E T IN FROM 1952 TO 1 9 5 6 ’

STAPHYLOCOCCUS PYOGENES
1956

(518 S TR AINS )

1955(1,249 STRAINS)
1954

(749 S TR AIN S )

1953

(455 S TR AIN S )

1952

(296 S TR AIN S )

PROTEUS MIRABILIS
1956

(46 S TR AIN S )

1955

(72 S TR AINS )

1954

(36 S TR AIN S )

1953

(39 S TR A IN S )

1952

(14 S TR AIN S )

•Adapted from Roy, T. E.; Collins, A. M.; Craig G., & Duncan, I. B. R.: Canad. M. A. J. 77:844 (Nov. 1) 1957,

CHLOROMYCETIN (chloramphenicol, Parke-Davis) is a potent thera
peutic agent and, because certain blood dyscrasias have been asso
ciated with its administration, it should not be used indiscriminately
or for minor infections. Furthermore, as with certain other drugs,
adequate blood studies should be made when the patient requires
prolonged or intermittent therapy.
P A R K E , DAVIS & C O . , L T D • T O R O N T O 1 4 , O NT AR IO
I tllM
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Knowledge of these facts is an essential
condition for resection of benign and malig
nant tumours; it is also important for the
treatment of liver abscesses or injuries of the
liver, drainage of subphrenic abscesses, the
technique of intrahepatic hepatoenterostomies,
the management of hepatostomies, the closing
of fistulas of liver and gall-bladder, the re
moval of parasitic cysts, the elimination of an
arterial aneurysm, and the drainage of the
liver. Numerous illustrations and schematic
drawings enhance the practical value of the
book.
THE MANAGEMENT OF ABDOMINAL OPER
ATIONS VOL. II. Edited by Rodney Maingot,
Surgeon to the Royal Free Hospital, London,
and Southend General Hospital, Essex, Eng
land. 1405 pp. Illust. 2nd ed. The Macmillan
Company, New York; Brett-Macmillian Ltd.,
Toronto, 1957. $32.00 Vols. I & II.
The second edition of this well known surgical
text is a compilation of articles contributed by
surgeons noted in their several fields. This book
is generously and excellently illustrated.
This second volume covers the subject re
gionally, from infantile pyloric stenosis to
surgical lesions of the colon, rectum and anus.
Short chapters are appended on the manage
ment of abdominal injuries in warfare and
civil life, and the management of abdominal
operations, with a few pages on normal values
in clinical biochemistry.
The preface states that this text has been
prepared for postgraduates and fellowship stu
dents. Some parts could be expanded even
at the risk of a lengthened book. Under surg
ery of the spleen, none of the surgically
important parasitic lesions are mentioned,
under hernia early fascial repairs such as
McArthur’s are omitted, while the care of
haemorrhoids is treated in an elementary style,
and non-specific ulcerative colitis is too briefly
dealt with for such an important and trouble
some lesion.
ABDOMINAL OPERATIONS BY THE VAGINAL
ROUTE. Paul Werner and Julius Sederl, Vienna,
Austria. Translated by L. M. Szamek, Copiague,
Long Island, New York. 165 pp. Illust. J. B.
Lippincott Company, Philadelphia and Montreal,
1958. $9.00.
This is an excellent and well written book on
the surgical aspects of vaginal gynaecological
surgery. It describes in good detail the tech
nique of all vaginal operations, and the draw
ings complement the text well.
Although there are a few statements that
the reviewer cannot wholeheartedly support,
the majority of the chapters are excellent. Such
procedures as extirpation of ovarian cysts by
the vaginal route and vaginal hysterectomy
for carcinoma of the endometrium are not
generally accepted by the reviewer’s group.
It is felt that the danger of perforating a large
ovarian cyst, which may be malignant, with
possible spill of cells into the peritoneal cavity
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makes vaginal route extirpation not good teach
ing and that the treatment of choice of car
cinoma of the body of the uterus is surgery by
the abdominal route. The rest of the book
makes up for these small differences in opinion.
This book should be received enthusiastically
by all practising gynaecologists, particularly
those who wish to increase their sphere of
vaginal surgery.
UNDERSTANDING SURGERY. Edited and com
piled by Robert E. Rothenberg, State Univers
ity College of Medicine, New York. 620 pp.
Illust. McGraw-Hill Company of Canada
Limited, Toronto, 1957. $5.95.
In this carefully written book the authors
undertake to answer the many questions sur
gical patients ask before entering hospital to
undergo operation. It adequately deals with
the operations upon the whole body. Anaes
thesia and the formalities of admission to
hospital, as well as the various doctors’ charges
and hospital costs, are explained. The authors
discuss the condition for which operation has
been advised from the anatomical, physio
logical and pathological viewpoint, and then
give answers to the various questions patients
ask. Hospital routine and the reasons for this
routine is discussed in detail, not neglecting
common complications and prognosis. The
difficult questions asked by patients before
general surgical and gynaecological operations
are admirably answered.
It appears to the reviewer that the authors
are at fault in directing the book to the public
rather than to the profession. W here would
patients find this book? Would even the more
intelligent and better educated patient suffi
ciently understand it to have his fears allayed
and his curiosity satisfied? Or would he b e
come more confused? Possibly New York pa
tients are different from ours. In the hands of
the profession this book should fill a real need,
as it contains valuable information not readily
found elsewhere. It should be welcomed and
prove most useful especially to young general
practitioners, resident hospital staff, and senior
students.
FORTSCHRITTE
DER
KIEFERUND
GESICHTS-CHIRURGIE (Progress in Maxillo
facial Surgery. Yearbook, Vol. III.) Edited by
Karl Schuchardt, University of Hamburg and
Northwest-Germany Maxillary Clinic. 359 pp.
Illust. Georg Thieme Verlag, Stuttgart, W
Germany; Intercontinental Medical Book Cor
poration, New York, 1957. $22.85.
This third annual volume of “Progress in
Maxillo-facial Surgery” follows the pattern of
the other two. It contains practically all the
contributions given at the Sixth Congress of
the German Society for Maxillo-facial Surgery,
held in Hamburg, July 26-28, 1956. Most of
the contributions are concerned with malignant
maxillo-facial tumours, and all but two or three
are written in German. There are two contri-
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butions in English for London surgeons and
there is one in French. In view of the com
plexity of the problems discussed, papers have
been contributed on pathology, diagnosis and
therapy by pathologists, surgeons, plastic sur
geons, radiologists, dermatologists, E.N .T. sur
geons and ophthalmologists.
OPERATIVE SURGERY. Volume 5: Orthopaedic
Surgery. General editors Charles Rob, Professor
of Surgery, St. Mary’s Hospital, London, and
Rodney Smith, Surgeon, St. George’s Hospital,
London. 366 pp. Illust. Butterworth & Co.
(Canada) Ltd., Toronto, 1957. $21.50.
The publication of Volume 5 of this already
accepted series marks one of the high spots of
the work. This volume is devoted to orthopaedic
surgery and is, if anything, more fully illus
trated than the previous volumes. The same
format is followed and the subject matter is
divided into ten sections.
The first of these deals with general ortho
paedic techniques and the contributors include
such well known names as J. Crawford Adams
and Joseph A. Trueta, amongst others.
Section two is concerned with operations
involving the cervical spine and section three,
the thoracic and lumbar spine. These sections
are well written with conciseness and clarity.
The operation for excision of nucleus pulposus
is extended to cover ten pages, each step being
illustrated and easily followed.
The shoulder region, the elbow region, hand
and wrist, hip region, knee and ankle and foot
are each considered, with the operative pro
cedure most commonly done in sections by
themselves. Nor is the work limited to the
dramatic major surgical operations, for there
is a sub-section dealing with the most effective
means of curettage of a plantar wart, the re
moval of loose bodies from the knee and the
operations for ingrowing toenails and subungual
exostosis.
The writer has no hesitation in recommend
ing Volume 5 as a worthv complement to the
four previous volumes; although it is limited
to orthopaedic surgery, the scope of subjects
covered is so great that it would have a worthy
place on the shelves of any general surgeon.
SYMPOSIUM ON DISEASES AND SURGERY
OF THE LENS. Edited bv George M. Haik,
Louisiana State University School of Medicine,
New Orleans. 260 pp. Illust. The C. V. Mosby
Company, St. Louis, Mo., 1957. $10.50.
This is a comprehensive, but above all readable
and practical volume of outstanding merit,
dealing with the entire field of cataract, with
special emphasis on its surgical management.
The 12 chapters are bv five of America’s lead
ing cataract surgeons (Paul A. Chandler,
Frederick C. Cordes, John H. Dunnington,
S. Rodman Irvine, and Derrick Vail), assisted
bv V. Everett Kinsey, prominent ophthalmic
chemist. Of special interest are the proceedings
of a round-table discussion by these experts.
The chapters have been admirably compiled
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by the editor, George M. Haik, who has done
a great service by publishing in this one
volume a well-illustrated summary of the most
modem concepts of cataract, together with
recent and advanced techniques of manage
ment. The table of contents and indices of
subjects and illustrations reflect the care with
which these valuable contributions have been
compiled. Dealing in a practical way with an
important phase of the practising ophthalmolo
gist’s everyday work, the book will be read
avidly and comprehensively bv this group, who
once having commenced their perusal of it,
will find it difficult to lay aside until finished.
DIE VASCULAEREN ERKRANKUNGEN IM
GEBIET DER ARTERIA VERTEBRALIS UND
ARTERIA BASIALIS (Vascular Disorders in
the Region of the Vertebral and Basilar Arteries).
H. Krayenbiihl, Professor in Neurosurgery and
Director of the University Neurosurgical Clinic.
Zurich; and M. G. Yasargil, Assistant in the
University Neurosurgical Clinic, Zurich. 170
pp. Illust. Georg Thieme Verlag, Stuttgart, W.
Germany; Intercontinental Medical Book Cor
poration, New York, 1957. $18.35.
In this study, which constitutes Volume 80 of
the Archives and Atlas o f T ypical, Normal and
Pathological X-ray Pictures, the authors survey
our present knowledge of vascular diseases in
the areas supplied by the vertebral and basilar
arteries. Vertebral angiography has been ac
cepted as a valuable aid in the study of these
diseases since Takahashi in 1940 developed
a safe percutaneous approach to the vertebral
artery and since it was shown that the contrast
media used are not more harmful to the nerv
ous structures of the lower brain stem than
to the hemispheres. Variations in the arterial
tree, although undoubtedly present, are not
as frequent and irregular as to invalidate a
priori the results of vertebral angiographv.
These variations are relatively regular and
understandable on the basis of detailed ana
tomical and embryological knowledge. Fifty
pages and 53 clear and excellent illustrations
are devoted to the embrvologv and anatomy of
the vertebral arterial tree. This is followed
by a chapter on the symptomatology of the
case material published to date. The authors’
angiographic studies based on 250 cases are
described in detail in the second half of this
monograph. Separate chapters deal with the
normal angiographic findings, including the
more frequent normal variations and the nor
mal and pathological anastomoses between the
basilar and carotid trees, the arteriographic,
clinical and post-mortem findings in cases of
vascular occlusions, the aneurysms and vascular
tumours and malformations.
This is a thorough and valuable study not
only of vertebral angiography but also of the
complicated problems of cerebrovascular dis
ease in the lower brain stem. The book can
be recommended to neuroradiologists, neurolo
gists. neurosurgeons, and to all interested in
cerebrovascular disease.
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Ideals In Medicine. A Christian Approach to
Books R eceived
Medical Practice. Edited by V. Edmunds and
Gordon Scorer. 185 pp. The Tyndale Press,
Books are acknowledged as received, but C.
in some cases reviews will also be made London, 1958. 12s. 6d.
in later issues.
Diseases of the Thyroid and Parathyroid Glands.
B. J. Ficarra. 295 pp. Must. Intercontinental Medi
Operating Room Manual. A Guide for O.R. cal Book Corporation, New York, 1958. $8.50.
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Principles of General Surgical Management. $3.25.
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Operative Surgery. Vol. 5: Orthopaedic Surgery.
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St. Mary’s Hospital, London and R. Smith, Sur
geon, St. George’s Hospital, London. 366 pp. Must.
& Co. (Canada) Ltd., Toronto, 1957.
Surgery in Infancy and Childhood. A Handbook Butterworth
for Medical Students and General Practitioners. $21.50. (Reviewed in this issue.)
M. White and W. M. Dennison. 444 pp. Must.
E. & S. Livingstone Ltd., Edinburgh and London;
Pathophysiologische Grundlagen der Chirurgie
The Macmillan Company of Canada Limited, To in iher Auswirkung auf chirurgisches Handeln
(Pathophysiological Bases of Surgery and their
ronto, 1958. $7.65.
Effect on Surgical Procedure). T. O. Lindenschmidt,
410 pp. Must. Georg Thieme Verlag,
Family-centred Maternity Nursing. E. Wieden- Hamburg.
Stuttgart;
Intercontinental
Medical Book Corpora
bach, Yale University. 345 pp. Must. G. P. Put tion, New York, 1958. $13.35.
nam’s Sons, New York; McAinsh & Company
(Continued on page 386)
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Volumes 1 - 7 now ready

OPERATIVE
SURGERY
In eight volumes and Index, under the General Editorship
of
CHARLES ROB, M.C., M.Chir., F.R.C.S.
and
RODNEY SMITH, M.S., F.R.C.S.

“A superbly organized and beautifully illustrated book of operative surgery . . . .
“One might ask whether it is suitable for the American surgeon. The answer is an unqualified
yes . . . .
“This set offers a reference of wide application; it can be most highly recommended for the library
of both the beginning and experienced surgeon . . . . for general review or for a special procedure
this work will be a very valuable addition to the general surgeon’s library.”
Surgery, Gynecology and Obstetrics‘
a. work book or road map for the working surgeon. In this regard the book has no equal.
It upholds the best we have learned to expect from British text book writers.”
Canadian Medical Association Journal.

Write for full, illustrated brochure to:

BUTTERWORTH & CO. (CANADA) LIMITED

1367 Danforth Avenue

Toronto 6, Ontario
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ARTIFICIAL LIMBS
It is our policy to consult surgeon
before soliciting patient

S p e cia lizin g on light
D u ra l
M e ta l
and
English W illo w limbs
worn without Shoulder
stra p s.
Im p roved
an d
suc
cessful method in fitting
short thigh stumps and
hip d isarticulatio n s.
Person al train in g given
to p atien ts in the use of
H a n g e r Limbs.
BELTS
LEG BRACES
T re a tis e on
am putations
C a ta lo g u e and
dem onstration
g iv en on request.
Surgeons
m ay
rest
assu red th at patients
re fe rre d to us w ill be
fitted b y fu lly q u alifie d
fitte rs, ce rtifie d b y the
A m erican B o a rd for
C e rtificatio n ,
in
the
la t e s t
d e v e lo p m e n ts
such as q u a d rila te ra l
sockets, etc., an d that
techniques w ill b e kept
u p -to -d ate b y post
g ra d u a te courses at
the N e w Y o rk U n ive r
s it y
P o st-G ra d u a te
M e d ic a l School and
other institutions.

La souche du BCG (The Origin of BCG). A.
Frappier and M. Panisset, University of Montreal.
120 pp. Institut de microbiologie et d’hygiene de
1’universite de Montreal, 1957. $4.75.
Etude radiologique de la circulation veineuse
du membre superieur, sujet normal (Radiological
Study of Venous Circulation of the Upper Limb).
E. Lavizzari and V. Ottolini. 122 pp. Illust. Masson
& Cie., Paris, 1958.
Bases physio-biologiques et principes generaux
de reanimation (Physio-Biological Bases and Gen
eral Principles of Reanimation). H. Laborit. 273 pp.
Illust. Masson & Cie., Paris, 1958. 2,600 fr.
Pathologie vasculaire des membres (Vascular
Pathology of the Limbs). P. Wertheimer and J.
Sautot. 405 pp. Illust. Masson & Cie., Paris, 1958.
Pseudarthrose congenitale du tibia et son
traitement (Congenital Pseudoarthrosis of the
Tibia and its Treatment). M. Guilleminet and R.
Ricard. 98 pp. Illust. Masson & Cie., Paris, 1958.
Traite d’anatomie humaine, Tome III, Fascicule
1: Appareil circulatoire a l’exclusion des veines
(Treatise on Human Anatomy. Vol. Ill, No. 1:
Circulatory System with the Exception of Veins).
G. Paturet, Clermont-Ferrand. 663 pp. Illust.;
Tome III, Fascicule 2: Appareil circulatoire
(vienes), appareil de la phonation, appareil respiratoire, corps thyroi'de-parathyroides, thymus,
mediastin (Vol. Ill, No. 2; Circulatory System
(Veins), Organs of Speech, Respiratory System,
Thyroid-Parathyroid, Thymus, Mediastinum). G.
Paturet. 1305 pp. Illust. Masson & Cie., Paris,
1958. 12,000 fr. each volume.
Traumatismes anciens, generalites, membre
superieur (Old Injuries, General Remarks, Upper
Limbs). R. M. d’Aubigne and R. Tubiana. 426 pp.
Illust. Masson & Cie., Paris, 1958.
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